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Hccjie/joBamie cocTaBa SejiKOB (npoTeoMa) rejiBMHHTOB HMeeT (jiyHAaMeHTajiBHoe u 
npHKJia^Hoe 3HaHemie, Tax KaK cnocobcTByeT pacKpBmno MOJieKyjnipHBix MexaHH3MOB, 
jie^amnx b ocHOBe moHeAeirrejiBHOCTH napa3HTHnecKHX oprami3MOB h OTHOineHHii b ch- 
CTeMe «napa3HT — xo3^hh», a Taiojce no3BOjrneT bbdibhtb MOJieicyjiBi, KOTopBie Moryr 6bitb 
npe^Jio^ceHBi b KanecTBe Miiinemi ajih co3AaHiw aHTiirejiBMiiHTHBix npenapaTOB. B o630pe 
coSpaHa ^ocTynHaji HH(j)opManiBi o cocTaBe SejiKOB napa3iiTHHecKHx nepBen. Ha ocHOBe 
^aHHBix reHOMHoro, TpaHCKpunTOMHoro n npoTeoMHoro aHanii3a He6ojiBinoro nncna xo- 
pomo H3yneHHBix bhaob npoBe/jeHO nepBrnmoe onncanne ochobhbix rpynn SemcoB napa- 
3 htob: CTpyKTypHBix 6ejiKOB, (J)epMeHTOB yrneBO^Horo odMeHan dejiKOB, OTBenaiomHX 3a 
ycToimiiBocTB opraHH3Ma k CTpeccy. HpiiBe^eHBi cpaBHHTejiBHBie nccne^oBaHHM cocTaBa 
bejiKOB HeKOTopBix rejiBMHHTOB Ha pa3HBix cTaOT^x >KH3HeHHoro nHKJia h onncaHBi 6en- 
kh, xapaKTepHBie j\jik jihhhhok h nojioB03pejiBix ocobeii napaaHTOB. Otacjibho o6cy»c^a- 
lOTCfl paboTBi, nocB^meHHBie H3yHeHHio 6enKOB ? KOTopBie napa3HTBi bbiacjhiiot bo BHern- 
hk)K) cpe/jy (cexpeTOMa). noKa3aHO, hto b cocTaB OejiKOB cexpeTOMa bxoaht pa3JiHHHBie 
npoTeojiHTHnecKHe (J)epMeHTBi, 6ejiKH chctcmbi AeTOKCHKaiiHii, cnrHajiBHBie MOJieKyjiBi 
H Ap. 

Kmoneeue cnoea : npoTeoMHKa, Semen, rejiBMiiHTBi, Cestoda, Trematoda, Nematoda. 


ITapa 3 HTH 3 M KaK o 6 pa 3 )kh 3 hh b toh hjih hhoh (j)opMe BCTpenaeTCH y ripe#- 
CTaBHTejieii 40 % ochobhbix TaKCOHOMHnecKHx rpynn ^chbothbix. IIpH otom 
nepexoA k napa 3 HTH 3 My b pa 3 Hbix TaKCOHax nponcxo^HJi He 3 aBHCHMO, no 
MeHBinen Mepe 200 pa 3 : oto roBopnT o tom, hto napa 3 HTH 3 M hbjihctch ycneni- 
hbim 3 BOjnou,noHHbiM TpeH^OM, a He y 3 Kon cnei^HajiH 3 ai^Hen, npHBO^nj,eH 
BHflbi b 3 BOjnon,HOHHbiH TynnK (Weinstein, Kuris, 2016). Cne^OBaHne no 3 TOMy 
nym 03 HanaeT (J)opMnpOBaHne y napa 3 HTa b xo^e 3 bojiioijhh cnen,n 4 )HnecKHx 
npncnocoSjieHHH Ha Mop(|)OJiorHHecKOM, Shoxhmhhcckom, (J)H 3 HOJiorHHecKOM 
h Apyrnx ypOBHHx. 3 th a^anTai^HH HanpaBJieHbi Ha BbDKHBaHHe napa 3 HTa b ao- 
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BOJIbHO Heo6bIHHOM OKpy)KCHHH (bo BHyTpeHHeil cpe^e X03flHHa), Rim KOTOpO- 
ro xapaKTepHa BbicoKaa KomjeHTpaiiHfl MHKpooJieMeHTOB h iraTaTeJibHbix Be- 
mecTB, MOJieKyji c CHTHajibHOH h peryjnrropHOH aKTHBHOCTbio., a Ta ktkq arpec- 
CHBHblX KOMnOHeHTOB 3aiH,HTHbIX CHCTCM X03JIHHa. 

Cpe^H npOHHx rpaHeii napa3HTH3Ma KaK yHHBepcajibHoro npnpOAHOro ab- 
jiemtti MOJieKyrapHbiH acneKT B3anMOOTHOineHnii napa3HTOB h hx xo3aeB ab- 
jiaeTCfl oahhm h3 Ba^CHeiimiix, TaK KaK oSbflCHaeT mhokcctbo MexaHH3MOB, 
no3BOJunoin,Hx napa3HTaM peajiH30BbiBaTb hx CTpaTerHK) BbDKHBaHHfl. Hanpn- 
Mep, Ha SnoxHMHHecKOM ypoBHe nponcxoAHT KOMMyHHKaiiHJi Me^c^y napa3H- 
tom h X033HH0M. IIapa3HTbi ceKpeTHpyioT bo BHeniHioK) cpeAy OrpOMHOe KO- 
JTHHeCTBO BemeCTB, KOTOpbie CnOCoSCTByEOT HHBa3HH, (J)OpMHpyiOT 6oJiee KOM- 
(})opTHoe MHKpooKpy^ceHHe, a 3anacTyio MoryT Honocpe^CTBeHHO bjihotb Ha 
o6mch BeiqecTB xo3AHHa. B cboio onepeAt cocTaB 6 cjikob xo3^HHa b MecTe jio- 
KajiH3au,HH rejibMHHTa TaK^ce b 3HawrejibHOH Mepe onpeAeraeT, KaK aojito 6y- 
AeT npoAOJHKaTbc^i cocymecTBOBaHHe AByx opraHH3MOB. IIo HajiHHHio MapKe- 
pOB Bocnajieroni mo^kho onpeAeJiHTb, HacKOJibKo aHTar ohh cthh e ckhmh ^bm- 
K)TC5i cjio^KHBniHeoi OTHomeHHH. MHorne napa3HTbi cnoco6Hbi aACOpGnpOBaTb 
Ha cBoefi noBepxHOCTH 6cjikh h rjiHKonpoTeHAbi xo3flHHa, Hcnojib3ya hx j\jik 
CBOHX Hy)KA HJIH MaCKHpyflCb OT paCn03HaBaHHfl HMMyHHOH CHCTeMOH (Majno- 
THHa, 2008). 

BojibniHHCTBO napa3HTOB HMeeT cjio^chbih )KH3HeHHbiii ahkji, KorAa b xoac 
OHT oreHe3a oAHa oco6b cMeroieT HecKOJibKHx xo3aeB, BecbMa abjickhx b chctc- 
MaTHHeCKOM OTHOHieHHH H 3aHaCTyiO CHJIbHO OTJIHHaiOmHXCfl no o6pa3y 2KH3- 
hh. TaKan njiacTHHHOCTb B03M0>KHa SjiaroAap^i chocoShocth napa3HTOB okct- 
peHHO nepecTpaHBaTb MeTa6ojiH3M noA Hy^KAbi, B03HHKaK>m;He npn ocbochhh 
hoboh cpeAbi oSnTaHHH. B nepByio onepeAt TaKaa aAanTati,Hfl peajirayeTCfl 3a 
cneT jiaOnjibHOCTH cocTaBa 6 cjikob napa3HTa, TaK KaK hmchho 6cjikh onpeAC- 
jiiiiOT HanpaBJieHHe nyreH oSMeHa BemecTB, a TaK^ce ynacTByioT b nepecTpoii- 
Ke JinnHAHoro h yraeBOAHoro komhohchtob (MajnoTHHa, 2008; IXIeMapoBa, 
2009; ^HTHJieBa, 2017). TaK^ce Ha MOJieKyrapHOM ypoBHe peajiH3yiOTC5i Mexa- 
HH3Mbi 3anj,HTbi napa3HTOB ot HMMyHHOH CHCTeMbi xo3aeB, HanpHMep, Hepe3 
cneu,H(J)HHecKHH Ha6op SejiKOB noKpoBOB Tena h ahctbi, a TaK^ce nepe3 chhtc 3 
SejiKOB-HMMyHOcynpeccopOB. 

H3yneHHe napa3HTH3Ma KaK npnpoAHoro ABJieHHfl, a t3ktkq pa3pa6oTKa Jie- 
KapcTB ot napa3HTapHbix 3a6oJieBaHHH HeB03M0^cHbi 6e3 MOJieKy- 

rapHbix ochob npHcnocoSjieHHii napa3HTOB k cpeAe oSHTamnL EnaroAapii pa3- 
paSoTKe HOBeiimHx MOJieKyrapHo-reHeTHHecKHx mctoaob b nocJieAHHe toabi b 
3TOH oSjiaCTH 3HaHHH npOH30HieJI CyiAeCTBeHHblH npopbIB. OAHOH H3 6ypHO 
pa3BHBaK)nj,Hxc^ OTpacjieii 3HaHHH CTajia npOTeoMHKa, b paMKax KOTOpoii H3y- 
naiOT AaHHbie o npo^HJie SejiKOBbix MOJieKyji (npOTeoMe) y pa3JiHHHbix napa- 
3HTOB. CyHJ,eCTByiOT COTHH TblCilH pa3H006pa3HbIX SeJlKOB, Ka^CAMH H3 KOTO- 
pbix npeACTaBraeT co6oh MOJieKyjiy c yHHKajibHOH CTpyKTypoii h (^yHKu,HeH h 
3aHHMaeT onpeAeJieHHoe noJio^ceHHe b MeTa6oJiH3Me Ka^KAOH kjictkh opraHH3- 
Ma. HccjieAOBaHH^i npoTeoMa oneHb Ba^CHbi, TaK KaK 6cjikh HenocpeACTBeHHO 
ynacTByiOT b peajiH3au,HH reHeraHecKOH HH^opMaAHH, nOAA^p)KaHHH )kh3- 
HeAe^TejibHOCTH napa3HTa, h hx cocTaB Hanp^Myio onpeAeJifleTCfl 3KOJiorHeH 
reJIbMHHTOB H HX X03JieB. 

B HacTOimj;eM o63ope npHBeAeHbi AaHHbie HeKOTopbix HccJieAOBaHHH b o 6- 
jiacTH H3yneHH5i cocTaBa h (J)yHKu,HH SejiKOB, 3KcnpeccHpyeMbix y opraHH3MOB, 
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BeAynjHx napa3HTHnecKHH o6pa3 )kh3hh, — uecTOA h TpeMaTOA (tmi Platyhel- 
minthes) h HeMaTOA (thti Nematoda), napa3HTHpyioHiHx y ^chbothbix. U,ecTo- 
Ati h TpeMaTOAti npeACTaBjnnoT co6oh y3KocneruiajiH3HpoBaHHbix, cTporo 06- 
jiHrarabix napa3HTOB c ApenHeii obojhouhohhoh HCTopneii b otom KanecTBe. 
Y Kpyrabix nepBeii napa3 hth3m He3aBncnMO B03HHKaji okojio 18 pa3, hto yica- 
3biBaeT Ha to, hto npeACTaBHTejiH ^aHHoro TaKCOHa ycTpoeHbi TaK, hto npeA- 
CTaBHTejiHM A^HHoro rana TpedyeTcn MHHHMajibHoe kojihhcctbo obojhoijhoh- 
hmx rnaroB a™ ocBoeHHH Apyrnx opraHH3MOB icaic cpeAti odnTaHHH (Viney, 
2017). Ha jierKocTb TaKoro nepexo^a b o6e CTopoHbi TaK^ce yKa3biBaeT Hajin- 
nne CBoSoAHO^KPiBymHx (J)opM HeMaTOA, BeAynjHx CBoe nponcxo^eHne ot na- 
pa3HTHHecKnx npeAKOB (Dorris et al., 2002). npeflCTaBHTejin o6onx TnnoB b 
xoAe 3BOjnou,HH npnoSpejiH cnei^najiH3npOBaHHbie MOJieKyjinpHbie npncnocod- 
jieHHH, KOTopwe no3BOJiHJin hm ocBOHTb b KanecTBe cpeAti odnTaHHH MHorne 
ranbi n KJiaccbi )khbothbix h CTaTb ycneniHbiMH napa3HTaMH, mnpOKO npeA- 
CTaBJieHHblMH B CaMbIX pa3HbIX OKOCHCTeMaX. 

H,ejibio AaHHon pa6ora HBjmeTCH CHCTeMaTH3au,HJi HMeiomHxcfl CBe^eHnn o 

pOJIH pa 3 JIHHHbIX 6 eJIKOB B nOAA^p)KaHHH )KH 3 HeAeHTeJIbHOCTH napa 3 HTOB H HX 
npncnocodjieHHH k ^ohctbhio pa 3 JiHHHbix (^aKTopoB cpeAM, a Tao^e onncaHne 
HeKOTOpbIX MOJieKyjIHpHbIX MexaHH 3 MOB, C nOMOHJbK) KOTOpbIX napa 3 HT H xo- 
3hhh bjihhiot Apyr Ha Apyra. 


OELLJAH XAPAKTEPHCTHKA TEOPETHHECKOrO IIPOTEOMA 
IIAPA3HTHHECKHX nJIOCKHX H KPYrJIblX HEPBEH 
HA OCHOBE AHAJIH3A TEHOMA H TPAHCKPHnTOMA 

Pe3yJIbTaTOM BHeApCHHH TeXHOJlOrHH reHOMHKH, TpaHCKpHnTOMHKH H npo- 
TeoMHKH CTajio HaKonjieHHe oneHb 6ojibmoro odteMa a^hhmx o MOJieicyjnip- 
hom cocTaBe opraHH3MOB. O^HaKO H3-3a pa3Horo dHOJioraHecKoro CMbicjia 
AaHHbix, noJTyneHHbix Ha pa3Hbix HH^opManHOHHbix ypoBHUx, a TaK^ce H3-3a 
MeTo^HHecKHx orpaHHHeHHH cyiqecTByiorqHx TexHHHecKHx raiaT^opM Ka)K- 
Aan H3 nepenHCJieHHbix omhkchbix tcxhohothh oSecnenHBaeT ueHHbie, ho He 
flOCTaTOHHbie a™ nojiHOro nOHHMaHHH CBeAemra o MOJieicyjnipHbix MexaHH3- 
Max 4>yHKAHOHHpOBaHHH OpraHH3MOB (SuH et al., 2014). B CHJiy 3THX OrpaHH¬ 
HeHHH o6in,ee CHCTeMHoe npeACTaBJieHHe o CTpyKType MeTa6ojiH3Ma napa3HTH- 
necKHx opraHH3MOB HeB03M0)KH0 6e3 o6cy)KAeHHH AaHHbix, noJiyneHHbix c no- 
MOIIJbK) pa3JIHHHbIX nOAXOAOB. 

EcJIH 06pBTHTbCH K OAHOH H3 KpynHeHHIHX 6a3 A^HHblX (B J \) 06 H3BeCTHbIX 

deJiKax UniProt (The UniProt Consortium, 2017), to mojkho yBHAeTb., hto oko¬ 
jio 95 % H3BecTHbix Ha A^HHbiH MOMeHT nocjieAOBaTejibHOCTeii GejiKOB napa- 
3HTHnecKHx HepBeii 6buiH nojiyneHbi nyTeM TpaHCjnm,HH ceKBeHHpOBaHHbix re- 
homob. AHajiH3 reHOMa OTJiHnaeTCH HanSojibrneH HH(|)opMaTHBHOCTbK) h AaeT 
npaKTHnecKH nojiHyio HH^opMaipno o nOTeHiuiajibHbix bo3mo)khocthx op- 
raHH3Ma b njiaHe npoH3BOACTBa pa3Hbix MOJieKyji h ocymecTBJieHmi 6hoxh- 
MHnecKHx peaKu,HH. B noAceKijHH «Proteom» b HacTOnmee BpeMn Handojiee 
nojmyio HH(J)opMaH,HK) o SejiKax, KOTopbie npeAnojio^CHTejibHO MoryT 6biTb 
3KCnpeCCHpOBaHbI pa3JIHHHbIMH OpraHH3MaMH, MOJKHO HailTH a™ 10 BHAOB 
TpeMaTOA’ Schistosoma mansoni , S. margrebowiei , S. rodhairti , S. haemato¬ 
bium , S. mattheei , S. curassoni , Echinostoma caproni , Opisthorchis viverrini , 
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MojieKyjinpHan (jjyHKijiiii 

CB3I3bIBaHHe 

KaTaJIHTHBeCKaa aKTHBHOCTb 
TpaHcnopTepbi 
BejiKH-nepeHOCHHKH 
C6opKa CTpyKTypHbix 3JieMeHTOB 
nepe^ana cnrHana 
MojieKyjinpHan TpaHc,nyKi],HJi 

PervJiflu,Hii MOJieKyjiapHbix npo^yicTOB h KOMnneKCOB 

Peryjiiiu,Hii TpaHCKpHmjHH, caHT-cneu,H(J)HHHoe 
CB^3bmaHHe J \HK 

KoMnoHeHT kjictkh 

"^acTb Me6paHbi 

^aCTb KJieTKH 
"^acTb opraHejuibi 
OpraHejuia 
MaKpoMOJieicyjiflpHbm KOMnneKc 

MeM6paHa 

EeBKOBbie aHcaM6jiH, 
(J)opMHpyioiii,He nojiHMepHbie BOJioKHa 

BiioJiornHecKHH npoijecc 

ITpou,eccbi Ha KJieTOHHOM ypoBHe 

MeTa6ojiH3M coe/jHHeHHH 
BHOJiorHHecKaji peryjnnjHfl 
JloKajiH3au,H^ 

CGopKa H pa36opKa KJieTOHHbIX KOMnOHeHTOB 
OTBeT Ha CTHMyJI 

KjieTOHHaa aAre3HJi 
npoqecc pa3BHTHfl 
npoqeccbi b MHoroKJieTOHHOM opraHH3Me 
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Clonorchis sinensis , Trichobilharzia regent (http://www.uniprot.org/proteo- 
mes/?query=trematoda&sort=score); 9 bhaob uecToa: Hymenolepis diminuta, 
H. microstoma , H. nana , Taenia asiatica , Echinococcus granulosus , E. multilo- 
cularis , Hydatigera taeniaeformis , Mesocestoides corti (http://www.unip- 
rot.org/proteomes/?query=Cestoda&sort=score) h 28 bhaob 28 poaob HeMa- 
toa, napa 3 h i' h py K) luh x y ^chbothbix: Ancylostoma, Angiostrongylus , Anisakis, 
Ascaris, Brugia, Dictyocaulus, Dracunculus, Elaeophora, Enterobius, Gongy- 
lonema, Haemonchus, Heligmosomoides, Heterorhabditis, Loa, Necator, 
Nippostrongylus, Oesophagostomum, Onchocerca, Parastrongyloides, Soboli- 
phyme, Steinernema, Strongyloides, Syphacia, Thelazia, Toxocara, Trichinella, 
Trichuris, Wuchereria (http://www.uniprot.org/proteomes/?query=nemato- 
da&sort=score). 

Tate Kate cuHTbiBatme reHeTHuecKoit hh(J) opMaijHH >tcecTKO peryjiHpyeTCH 
(j)aKTOpaMH BHyTpeHHeit h BHeniHeit cpeAti, b tca^tCAbiii momcht bpcmchh 3tccn- 
peccnpytOTOt pa3Hbie Hadopbi dejiKOB. IIo3TOMy atayajibHaii HH(|>opMaiuni o 
padoTe Tex hjih hhbix tchob h 3tccnpeccHH cooTBeTCTBytoiuiHx dejiKOB McntceT 
dbiTb noJiyueHa H3 aHannaa TpaHCKpndHpyeMbix nocJieAOBaTeJibHOCTeH opra- 
HH3Ma. CoBpeMeHHbie mctoabi attajitm TpaHCKpttiiTOMa oueHb HH(j)opMaTHB- 
Hbi, h, coraacHO da3e abhhbix UniProt, y napa3HTHuecKHx uepBeit peajibHaji 
TpaHCKpttnii,tDi Ha ypOBHe mPHK dbuia noKa3aHa Ann 4 % Bcex H3BecTHbix deji- 
KOBbix nocjieAOBaTejibHOCTeit. 

Phc. 1 h 2 H3odpa)tcaK)T pacnpeAenemie npeACtca3aHHbix (99 %) h 3KcnepH- 
MeHTanbHo odHapynceHHbix deJiKOBbix nocne^OBaTeJibHocTeii ijecTOA, TpeMa- 
TOA H napa3HTHHeCKHX HeMaTOA B 3aBHCHM0CTH OT BbinOJiroieMOH (J)yHKU,HH, 
jiOKajiH3auHH h yuacTHn b tom hjih hhom dHOJiorHuecKOM npouecce, corjiacHO 
KJiaccH(|)HKaTOpy da3bi abhhbix Gene Onthology (GO Consortium, 2017). Bha- 
ho, hto noAaBJinioman uacTb dejiKOB (>90 %) npHHa^jie^CHT k HectcojibKHM 
4)yHKu,H0HajibHbiM KaTeropHHM . ripn 3tom pacnpeAejieHHe othx dejiKOB BecbMa 
KOHcepBaTHBHO h b uejiOM coBnaAaeT y npeACTaBHTejieii pa3Hbix TaKcoHOB 
(puc. 1). /JaHHbiii narrepH b odmux uepTax OTpancaeT CTpyKTypy da30Boro Me- 
TadojiH3Ma — Hadopa (jiyHKiuiH, HeodxoAUMbix j\jik noAAep^BHHn ^CH3HeACn- 
TejibHOCTH y Bcex ^chbbix opraHH3MOB. CooTBeTCTBeHHO pa3HOodpa3ne cneijH- 
ajiH3HpOBaHHbix dejiKOB, HanpHMep CBinaHHbix c ocymecTBJieHHeM napa3H- 
TH3Ma, cyn^ecTBeHHO MeHbine OTHOCHTejibHO nyjia dejiKOB, cocTaBJimomnx 
nApo odMeHa BemecTB. 

Handonee HHTepecHbie c tohkh 3peHHn noATjepncaHHn napa3HTHuecKoro od- 
pa3a 5KH3HH rpynnbi dejiKOB, Tatcne KaK deJiKH c tokchuhtim aeftcTBHeM Ha Apy- 
roii opraHH3M (GO:0090729); 3anacaioiiuie dejiKH, HeodxOAHMbie Ann Haicon- 
jieHHn norjiomeHHbix nHTaTejibHbix BemecTB (G0:0045735); 3KCKpe™pyeMbie 
dejiKH, KOTOpbie MOryT yuacTBOBaTb b nepeAane cnrHajia xcmnHy h (jiopMHpo- 
BaHHH MHKpocpeABi BOKpyr uepBn (G0:0005576, G0:0044421); dejiKH, yuacT- 


Phc. 1. AHHOTaqM reHOB, KoqnpyioiqHX 6ejiKH napa3HTHuecKHX uepBeii, cornacHO KJiaccmJiHKaqHH 
Gene Ontology (GO Consortium, 2017). rioKa3aHbi Haudonee npeqcTaBJieHHbie no KonnuecTBy 6en- 
kobbix nocneqoBaTenbHOCTen rpynnbi. CyMMa Mo^ceT dbiTb donbiue 100 %, Tax KaK MHorne 6enKH 

OTHOCUTCU K HeCKOJIbKHM KaTeropiUlM. 

Fig. 1. Annotation of genes encoding proteins of parasitic worms according to classification Gene 
Ontology (GO Consortium, 2017). The most represented by the number of protein sequences groups 
are shown. The sum can be more than 100 %, because many proteins relate to several categories. 
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MojieKyjiHpHaH (jjyHKijiiH 

Peryjian,Ha TpaHCKpHnu,HH, CBfl3bmaHne Serna 
AHTHOKCH^aHTHaa 3amHTa 
Peryjiau,H^ TpaHCjmjHH 
ToKCHHbl 
MeneHHe 6ejiKOB 
3anacaHHe nHTaTejibHbix BemecTB 
KoMnoHeHT kjictkh 
Me>KKJieTOHHbie KOHTaKTbi 
KjieTKa 

^acTb BHeKJieTOHHoro peraoHa 
^acTb CHHanca 
BHeKJieTOHHbiH peraoH 
CynpaMOJieKynapHbie KOMiuieiccbi 
CHHanc 
^aCTb BHpHOHa 
IIojiHMepHbie BOJioKHa uHTOCKejieTa 
BHyTpeHHee npocTpaHCTBO opraHejin 
npocBeT opraHejiJibi, oKpyxceHHbift MeM6paHOH 

BiioJioni i iecKHH npoijecc 

CnrHajiHHr 

XnMHHecKaa cHHanTHHecKaa nepe^ana 
npou,ecc pa3MHOxceHHJi 

^BH5KeHHe 

B 3 aHMO,Zl,eHCTBHe HeCKOJlbKHX OpraHH3MOB 
HMMyHHaji CHCTeMa 
IIoBe^eHHe 
KjieTOHHaJI nO£BH5KHOCTb 
PHTMHHecKHe npou,eccbi 
,ZJeTOKCH 4)HKau;Hii 
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ByK>m,He b BOcnpoH3BOACTBe nonoBbix KJieTOK (GO:0022414); CHrHajibHbie 
6ejiKH, KOTopbie Moryr npmmMaTb ynacTHe b peryjnnjHH MeTa6oJiH3Ma xcmn- 
Ha (G0:0099531, G0:0023052); SejiKH peryjrajHH HMMyHHoro OTBeTa 
(G0:0002376); SejiKH 3am,HTbi ot tokchhob (G0:0098754) h aKTHBHbix (|)opM 
KHCJiopoAa (G0:0031386) h SejiKH reMOJiroa kpobhhbix rjictok (G0:0044179) 
oObihho He npeBbimaiOT 1 % ot Bcero pa3HOo6pa3HH TOTajibHoro TeopeTHne- 
ckoto npoTeoMa napa3HTHnecKHx HepBeit (pnc. 2). Y npeACTaBHTejieit pa3Hbix 
TaKcoHOB TaK^e CHJibHee Bcero pa3JiHHHH npoTeoMOB 3aMeTHbi cpeAH Hanivie- 
Hee npeACTaBJieHHbix no pa3HOo6pa3Hio SejiKOB, hto HJiJiiocTpHpyeT tot 4>aKT, 
hto ajm y3KOH cneu,HajiH3au,HH TpeSyiOTC^ jihihb He3HanHTejibHbie, ToneHHbie 
nepecTpoiiKH MeTa6onH3Ma. 

rioApoSHoe HCCJieAOBaHHe reHOMa h TpaHCKpHnTOMa E. multilocularis , 
E. granulosus, T. solium h H. microstoma, iipeAc raBJieHHoe b aHajiHTHnecKOM 
o630pe Tcaii h Ap- (Tsai et al., 2013), AaeT u,eHHyio HH(J)opMaifHio 06 oco 6 eH- 
hocthx opraHH3au,HH oOMeHa BemecTB y jieHTOHHbix HepBeit b cbh3h c hx y3Koit 
cneAHajiH3aAHeii KaK objinraTHbix napa3HTOB. 06ih;hh TpeHA 3aKJnonaeTCii b 
obojiioahohhom ocjia 6 jieHHH aHabojiHHecKoro 6 jiOKa MeTa6ojiH3Ma (noTepa 

CnOCOSHOCTH CHHTe3HpOBaTb ^CHpHbie KHCJIOTbl, XOJieCTepOJI, aMHHOKHCJIOTbl 

h ap ) OAHOBpeMeHHO c yBejiHneHHeM choco6hocth noraomaTb nHTaTejibHbie 
BemecTBa xo3HHHa (HanpHMep, pacniHpeHHe pa3HOo6pa3HH h B03HHKH0BeHHe 
HOBbIX TaKCOH-CneiJ,H4)HHHbIX CeMeilCTB 6eJlKOB-TpaHCnOpTepOB )KHpHbIX KHC- 
jiot). 06mee ynpomeHHe CTpoemm n,ecTOA npn OAHOBpeMeHHOM noBbimeHHH 
njiacraHHOCTH h pereHepaTHBHbix cnocobHOCTeit (HanpHMep, cnocoSHOCTb 
3XHHOKOKKOB K HeKOHTpOJIHpyeMOH npOJIH^epaifHH H MeTaCTa3HpOBaHHK)) Ha 
ypOBHe reHOMa Bbipa^caeTC^i b pe3KOM coKpamemtH pa3HOo6pa3mi reHOB, pery- 
■JTHpyioHJHx Mop4>oreHe3 (homebox genes) h chjibhoh MOAH^HKaifHH HaSopa 
reHOB pocTa h npojiH(j)epaij,HH. Cepbe3Hbie H3MeHeHHH npOH3omjiH b MeTa6o- 
jiHnecKHx nymx A^TOKCHKaijHH ny^cepoAHbix BemecTB. C oahoh ctopohm, Bee 
pa3Hoo6pa3He ii;htoxpomob P450 npeACTaBJieHO oahhm reHOM, c Apyrofi cto- 
pOHbi, Ha6jiiOAaeTC5i HeoSbinaitHoe pa3Hoo6pa3ne rjiyraTHOH S-TpaHC(J)epa3 
KJiacca Mio (GST Mu) h B03HHKH0BeHne yHHKajibHoro (|>epMeHTa raopeAOK- 
chh rjiyraTHOH peAyKTa3bi, coBMenjaiomero (j)yHKn,HH AByx SejiKOB — rayra- 
THOH peAyKTa3bI H THOpeAOKCHH peAyKTa3bI. 3th ABHHbie CBHAeTeJIbCTByiOT 0 
CHH^CeHHOH CnOCOSHOCTH JieHTOHHbIX HepBeit OKHCJIHTb KCeHObHOTHKH H CTe- 
pOHAH, ho SoJibHioM noTeHiiHajie b nnaHe BoccTaHOBHTeJibHbix peaKiinit h bh- 
BeACHna rHApo(J)o 6hbix coeAttHeHHit, hto HMeeT oneHb 6ojibnioe 3HaneHHe a™ 
MeTa6oJiH3Ma aHTHreJibMHHTHbix npenapaTOB. Oaho H3 caMbix 3aMeTHbix pac- 
mnpeHHH npoH3onuio b ceMeiiCTBe SejiKOB TenjiOBoro moica (manepoHbi, heat 
shock proteins — HSP), pa3HOo6pa3ne reHOB KOTopbix y ijecTOA b AecflTb pa3 
Oojibme, neM y HaceKOMbix h n03B0H0HHbix. KaHOrntnecKHe (|)OpMbi HSP y co- 
JIHTepOB 3KCnpeCCHpyK)TCH KOHCTHTyTHBHO, TOTA& KaK MHOTOHHCJieHHbie 6eJI- 


Phc. 2. AHHOTaqufl reHOB, KoqnpyioiqHX dejiKH napa3HTHuecKHX uepBeii, cornacHO KJiaccmjmKaqHH 
Gene Ontology (GO Consortium, 2017). noKa3aHbi rpynribi c HedonbinuM pa3Hoo6pa3ueM 6enKO- 
bbix nocjieqoBaTejibHOCTen (UniProtKB). CyMMa Mo^ceT 6 bitb donbiue 100 %, Tax KaK MHorue 6en- 

KH OTHOCflTCfl K HeCKOJIBKHM KaTerOpHflM. 

Fig. 2. Annotation of genes encoding proteins of parasitic worms according to classification Ge¬ 
ne Ontology (GO Consortium, 2017). The groups with a small variety of protein sequences 
(UniProtKB) are shown. The sum can be more than 100 %, because many proteins relate to several 

categories. 


183 




kh, HMetonjHe yHHKajibHbie mothbbi (h cooTBeTCTBeHHO yHHKanbHbie cjiymc- 
h,hh), oKcnpeccnpyiOTCfl b 3aBHCHMOCTH ot ycjiOBHH. B uejiOM y jieHTOHHbix 
nepBeii o6Hapy)KeHO okojio 20 % yHHKajibHbix reHOB, co ciihckom KOTopbix 
mo^cho 03HaK0MHTbCii b o63ope (Tsai et al., 2013). 

TaK KaK cpeAH HeMaTOA ninpoKo npeACTaBJieHbi KaK CBo6oAHO)KHBymne, 
TaK h napa3HTHHecKne (|>opMbi, cpaBHemie tchomob h TpaHCKpmiTOMOB nep- 
Beii, BeAynjHx pa3Hbiii o6pa3 )kh3hh, HBjnieTCfl oneHb HH(j)opMaTHBHbiM noAxo- 
AOM a™ nojiynemDi CBeAeHHH o 6ejncax, OTBenaiomHx 3 a npncnoco6jieHne k 
napa3HTH3My. IIonbiTKa TaKoro aHajnm 6biJia CAenaHa b HCCJieAOBaHHH XaHTa 
h AP* (Hunt et al., 2016), rAe 6bijih o6o6in;eHbi Aammie ceKBeHHpoBaHHfl reHO- 
mob 5 napa3HTHuecKHx HeMaTOA — Strongyloides stercoralis, S. ratti, S. vene- 
zuelensis, S. pcipillosus, Parastrongyloides trichosuri — h cb060ah0>k hb ymen 
HeMaTOAbi Rhabditophanes sp. BbiJio o6Hapy)*ceHO, hto y napa3HTHnecKHx Hep- 
Ben 3HaHHTejibHoe pacninpeHne pa3HOo6pa3mi reHOB nponcxoAHT b ceMeiiCTBe 
acTan;HHOB (MeTajnionenTHAa3bi) h SeJiKOB SCP/TAPS, a tslk^kq aijeTHJixoJiHHe- 
CTepa3 h npojiHJi3HAonenTHAa3. Eejncn ceMeftcTBa SCP/TAPS OKa3biBaiOT hm- 
MyHOMOAyjniTopHbiH 3(})(})eKT h rnupoKo npeACTaBJieHbi b reHOMax napa3HTHue- 
ckhx HeMaTOA H3 Apyrnx KJiaA, a TaK)Ke Apyrnx napa3HTOB, HanpHMep TpeMa- 
toa (Chalmers et al., 2008). AueTHJixojiHHecTepa3bi, pa3HOo6pa3He reHOB 
KOTopbix y HCCJieAOBaHHbix napa3HTHHecKHx HeMaTOA 6buio b 30 — 100 pa3 
Bbime, ueM y CBo6oAHO)KHBymHx, ynacTByiOT b peryjnm,HH MbmieuHbix coKpa- 
meHHH h, KaK cHHTaeTCfl, cnocoScTByioT yAep)KaHHK) HeMaTOA b xo3HHHe. IIo- 
mhmo 3toto, y napa3HTHHecKHx HeMaTOA 6biJio oSHapy^ceHO 6 hobbix, paHee He 
onncaHHbix reHHbix ceMeiicTB (sgpf) c HeH3BecTHOH (jyyHKUHeii, npeAnoJio^cn- 
TejibHO KOAHpyK)Hj,Hx pa3JiHHHbie CHTHajibHbie nenTHAbi. OyHKu,HOHajibHbiH 
aHajiH3 TpaHCKpunTOMOB nOATBep^CAaeT, hto y napa3HTHnecKHx (jiopM HeMa¬ 
TOA npeo6jiaAaeT OKcnpeccmi reHOB BceB03M05KHbix npOTeojiHTHnecKHx (J>ep- 
MeHTOB, TOTAa KaK y CB 060 AH 0 )KHBymHX HeMaTOA B OCHOBHOM npOH3BOA^TC^ 
6ejiKH, CBH3aHHbie c poctom h 6a30BbiM oSmchom. Pa3JiHHHbie reHbi npoTea3 
mnpoKO npeACTaBJieHbi b reHOMax napa3HTHnecKHx HeMaTOA H3 Apyrnx KJiaA 
h, BepOHTHO, nrpaiOT (JiyHAaMeHTajibHyio pojib b napa3HTH3Me y Kpyrjibix nep- 
Beii. npoTea3bi h nenTHAa3bi ynacTByiOT b pacmenjieHHH h nepeBapHBaHHH 
6ejiKOB xo3HHHa, BHeApCHHH b ero TKaHH h 3ain,HTe ot HMMyHHoro OTBeTa. TaK- 
)Ke a™ napa3HTHnecKHx HeMaTOA noKa3aHa nOBbimeHHan 3Kcnpeccmi TpaHCTH- 
peTHH-noAo6Hbix SeJiKOB, rpynnbi peryjnrropHbix SeJiKOB, cneitH^HHHoft am 
K pyrjibix nepBeii h ynacTByiomeH b TpaHcnopTe topmohob h jiHHbKe (Hunt 
et al., 2016; Ondrovics et al., 2016). 


OELLJHE CBEflEHHH O EEJIKAX TEJIEMHHTOB, 
nOJIYHEHHEIE METOflAMH IIPOTEOMHKH 

KaK noKa3aHo Bbime, cocTaBHTb npeABapHTeJibHoe npeACTaBJiemie 0 CTpyK- 
Type oSMeHa BemecTB h OTCJieAHTb AHHaMHuecKne nepecTpoiiKH OTAejibHbix 
6jiokob MeTa6oJiH3Ma bo3Mo^cho yxce Ha ypoBHe aHajiH3a TpaHCKpHirroMa opra- 
HH3Ma. 3tOT nOAXOA HBJHieTCfl OHeHb MOHJHblM HHCTpyMeHTOM AM H3yneHHH 
OKOJlOTHHeCKHX 3aKOHOMepHOCTeiI (jtyHKlJHOHHpOBaHHfl SHOJlOTHHeCKHX CHC- 
TeM no A ACHCTBHeM (J)aKTOpOB CpeABI H IHHpOKO npHMeHHeTCH Ha npaKTHKe. 
OAHaKo HHTepnpeTHpOBaTb noAoSHbie AaHHbie cjieAycT c H3BecTHOH AOJieii 
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ocTOpo^CHOCTH. npaKTHKa noKa3biBaeT, hto jihihb 30—60 % abhhbix o npeA- 
CKa3aHHoii nepecTpoHKe npoTeoMa y pa3JiHHHbix opraHH3M ob noATBepncAaiOT- 
cn 3KcnepnMeHTajibH0 Ha ypoBHe Henocpe^CTBeHHoro oSHapynceroin b npo6e 
Tex hjih HHbix SeJiKOB (Sun et al., 2014; Hunt et al., 2016). Taicoe HecooTBeTCT- 

BHe, C OAHOH CTOpOHbl, oStHCHHeTCH HCKOTOpblMH OrpaHHHeHHHMH npHMeHne- 
Mbix MeTOAOB h, c Apyroii CTOpOHbi, oSycjiOBJieHO SHOJiormecKHMH npoueccaMH 
nocTTpaHCjmuHOHHbix MOAH(J)HKauHH oejiKOB b KJieTKe (Ning etal., 2012; Vogel, 
Marcotte, 2012; Sun et al., 2014). B tom HHCJie H3-3a pa3Horo BpeMeHH )kh3hh 
mPHK h SeJiKOB KOJiHuecTBO npoAyKTOB TpaHCKpHnn,HH cjia6o KoppejmpyeT c 
KOJiHuecTBOM cooTBeTCTByK)m,Hx SeJiKOB b KJieTKe (Vogel, Marcotte, 2012). 

C TOHKH 3peHIDI OIIHCaHHH peaJIbHO (JjyHKUtlOHHpyiOntHX KOMnOHeHTOB Me- 
Ta6ojiH3Ma b KOHKpeTHbiii MOMeHT BpeMeHH, HanSojibniyio ueHHOCTb, Ha Ham 
B3rjnm, npe^CTaBJHiiOT pe3yjibTaTbi npOTeoMHbix HCcneAOBaHHH. Homhmo hh- 
(J)opMauHH o KOHeuHbix npoAyicrax peajiH3an;HH reHeTHuecKoii HH(]iopMaiuiH, 
npoTeoMHbie HCcneAOBaHHH no3BonniOT onpe^ejiHTb coAepncamie OTAenbHbix 
SeJiKOB b KJieTKe, Bbi^ejinTb MancopHbie h MHHOpHbie KOMnoHeHTbi npoTeoMa, a 
TaK>Ke OUeHHTb nOCTTpaHCJI^UiHOHHbie H3MeHeHHH SeJIKOB H ^eTaJIbHO H3yHHTb 
H30(J)epMeHTHbiii npo^HJib OT^ejibHbix rpynn SeJiKOB. AHajiH3 npoTeoMa TaKnce 
MO^ceT cymecTBeHHO aohojihhtb pe3yjibTaTbi, nonyneHHbie MOJieKyjinpHO-re- 
HeTHHeCKHMH MeTOA^MH y BHAOB, reHOM KOTOpbIX 6bIJI CeKBeHHpOBaH He nOJI- 

HOCTbio (Cui S. J. et al., 2013). 

HecMOTpn Ha 6ojibmoe 3HaneHHe Ann H3yueHHn MOJieKynnpHbix npoueccoB, 
npoHcxoAnmHx b opraHH3Me, HaKornieroie a^hhbix, nojiynemibix b npoTeoM- 
hmx HccJieAOBaHHnx, nponcxoAHT HanSonee MeAnemio. CoraacHo 6a3e a^h- 
hmx UniProtKB, OKcnepHMeHTajibHbie AOKa3aTejibCTBa HajiHHnn b 6nojiorHHe- 
ckhx o6pa3n,ax Tex hjih hhbix 6ejiKOB (mctoa^mh Macc-cneKTpOMeTpHH, npn- 
Moro ceKBeHHpOBaHHn no 3AMaHy hjih HMMyHoSjiormHra) 6bijih nojiyneHbi 
jinmb Ann 5 % SeJiKOB TeopeTHuecKnx npOTeoMOB pa3JiHHHbix opraHH3MOB. 
^jin Bcex SeJiKOB u,ecTOA h TpeMaTOA (KJiaccncjiHKaTop existence: «evidence at 
protein level») 3 Ta BenHHHHa cocTaBJineT oKono 0.05 %. TaKoft hh3khh npo- 
ueHT, oueBHAHO, CBn3aH He ctojibko c HeAOCTaTOHHbiM HHTepecoM HCCJieAOBa- 
Teneii k a^hhoh o6jiacra, ckojibko c OTHOCHTejibHO hh3KOh nyBCTBHTenbHO- 
CTbio npHMeimeMbix npOTeoMHbix mctoaob (Sun et al., 2014). 

CoBpeMeHHbie TexHonormi, npHMeHneMbie b npOTeoMHbix HCcneAOBaHHnx, 
no-npencHeMy HMeiOT Sonbinoe KonnuecTBo orpaHKHemrii, npencAe Bcero b 
nnaHe nyBCTBHTenbHOCTH h npoH3BOAHTenbHOCTH aHajiH3a. Ha 3Tane pa3Aene- 
HHn SenKOBbix cMeceft mctoaom oaho- h AByMepHoro 3neKTpo(})ope3a nojiyna- 
eTcn BbiAenHTb TOJibKO 6enKH (o6bihho 1 — 2 cothh), KOHueHTpaunn KOTopbix b 
o6pa3ue AOCTaTOHHa Ann hx BH3yajiH3au,HH c noMombio cneitHC^HuecKoro 
OKpamHBaHHn. KpoMe Toro, b xoAe 3JieKTpo$ope3a nponcxoAHT OTceHBaHHe 
HH3KOMoneKyjinpHbix h BbicoKOMoneKynnpHbix (jipaKUHH, a nacTb 6enKOB mo- 
nceT 6biTb noTepnHa H3-3a cneitH^HuecKHX $H3HKo-XHMHuecKHX cbohctb. BHe- 
ApCHHe MeTOAOB pa3AeneHHn SejiKOB c noMombio xpoMaTorpacjiHH bbicokoto 
AaBJieHHn b TaHAeMe c Macc-cneKTpoMeTpneH no3BonHno cymecTBeHHO chh- 
3htb nOTepH 6ejiKa npn ero pa3A0neHHH Ha (jipaKijHH h hobbichtb nyBCTBHTejib- 
hoctb aHajiH3a k mhhophbim KOMnoHeHTaM npo6bi. HoBeimiHe MeTOAti no3BO- 
JiniOT yJlOBHTb H HAeHTH^HUHpOBaTb AO HeCKOJIbKHX TblCHH pa3JIHHHbIX 6eJI- 

kob. TeM He MeHee, ynuTbraan to, hto TeoperanecKoe kojihhoctbo SeJiKOB 
b npoTeoMe Aonnmo 6biTb MHHHMyM Ha nopnAOK Bbime (Omenn et al., 2016), 
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npormoHHJi CoA-Kap6oiccHJia3a [ 
Ooc(J)orjiioKOMyTa3a I 
Ooc(})oeHOJinHpyBaTKap6oKCHKHHa3a I 
MaJiaT^erHAporeHa3a I 
HSP70 : 

DiyTaTHOH S-TpaHC())epa3a I 
rjlyTaMaTAerHAporeHasa I 
AnbAOJia3a : 
AAeHHJiaTKHHa3a : 
LJenH MH03HHa I 
rjiHU,epaJibAerH,n,4>oc4)aTAerHAporeHa3a I 

EHJia3a I 
KaTencHHbi I 
AKTHHbl I 

0 


Pec. 3. Haedojiee nacTO BCTpeuaiomHeca H,zjeHTH(})HKaqHH OenicoBbix ceMencTB rejibMHHTOB y 
B3pocjiwx nepBen (no pe3ynbTaTaM aHann30B, BbinonHeHHbix Ha Bqzjax Zygocotyle lunata (Sotillo 
etal., 2011), Ascaridia galli (Gonzalez-Miguel etal., 2013), Echinococcus granulosus (Cui etal., 
2013), Fasciola hepatica, Schistosoma mansoni (Boukli etal., 2011), Spirometra erinacei (Kim 
et al., 2009), Schistosoma japonicum (Hong et al., 2013)). 

Fig. 3. The most frequently occurring identifications of protein families of helminths in adult worms 
(according to the results of analyzes performed on the species Zygocotyle lunata (Sotillo et al., 
2011), Ascaridia galli (Gonzalez-Miguel et al., 2013), Echinococcus granulosus (Cui et al., 2013), 
Fasciola hepatica , Schistosoma mansoni (Boukli etal., 2011), Spirometra erinacei (Kim etal., 
2009), Schistosoma japonicum (Hong et al., 2013)). 

e^Ba JIH M02KHO rOBOpHTb O TOM, HTO CyiljeCTByiOmHe MeTOABI npOTeOMHKH 
npn6jIH3HJIHCb K TOMy, HTo6bI ITOJTHOCTbK) OXapaKTepH30BaTb TOTaJIbHblH co- 
CTaB 6enKOB toto hjih hhoto o6pa3ija. CjieAyeT noAnepKHyTb, hto npoTeoMHbi- 
mh MeTO^aMH, KaK npaBHJio, o6Hapy)KHBaiOTCfl 6ejiKH, npHcyrcTByiomHe 
B KJieTKaX B 60 JIbHI 0 H KOHAeHTpaiJHH, T. e. OTHOCflllJHeCfl K TaK Ha3bIBaeMbIM 
«Ma^COpHbIM» SeJIKaM. HCXOA^ H3 3TOTO, 6eJIKH, HaJIHHHe KOTOpbIX B TKaHH 
yAajiocb noATBepAHTb OKcnepHMeHTajibHO, kmqiot 6ojibinoe 3HaHemie a™ 
(J)yHKti,HOHHpOBaHH^ opraHH3Ma, Tax KaK Ha hx iipoh3boactbo 6biJiH 3aTpaneHbi 
3HanHTejibHbie OHepreTHnecKne pecypcbi. 

IIoAaBjniioiAafl nacTb SejiKOB rejibMHHTOB HACHTHcJiHLiHpOBaHa mctoabmh 
AB yMepHoro 3JieKTpo(|>ope3a h pa3JiHHHbix mctoaob Macc-cneKTpOMeTpHH 
(MALDI-TOF MS/MS, LC-MS), hto no3BOjnieT npeAnono^CHTb, hto onncaH- 
Hbie 6ejiKH hbjbiiotcii HanSojiee npeACTaBJieHHbiMH b npoTeoMax. 

HHTerpHpoBaHHbiii (JjyHKAHOHajibHbiH aHajiH 3 HMeiomHxcfl jiHTepaTypHbix 
AaHHbix no 3 BOJi 5 ieT cocTaBHTb o 6 mee iipeACTaBJieHHe o npeoSjiaAaiomHx rpyn- 
nax SejiKOB b npoTeoMax rejibMHHTOB. B ijejiOM 6 ejiKOBbiii cocTaB rejibMHHTOB 
cooTBeTCTByeT abhhbim nojiHoreHOMHbix aHajiH 30 B. B 6 ejiKOBOM cocTaBe 
B 3 pocjibix CTaAHH nepBeii Han 6 ojiee npeACTaBJieHHbiMH no KOJinnecTBy hbjih- 
iotch 6 ejiKH AHTOCKejieTa h MbimeHHbie 6 ejiKH, 6 ejiKH KaTa6ojiH3Ma rjnoK 03 bi h 
OHepreranecKoro oSMeHa, peryji^TopHbie 6 ejiKH. Ba^CHyio pojib b npoTeoMe 


j _i_i_i_i_i 

1 2 3 4 5 6 

BcTpenaeMOCTb aHHOTaqHH 
b npoTeoMax B3pocnbix CTa^HH nepBeii 
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HrpaiOT MOJieicyjiflpHbie manepOHbi, 6ejiKH aHTHOKCHAanrHOH CHCTeMbi h npo- 
Tea3bi (pHC. 3). 

MbimeHHbie 6eJiKH npHHHMaiOT yuacTHe b ABHraTeJibHOH aKTHBHo cth h hb- 
jraiOTcn o6^3aTejibHbiM KOMnoHeHTOM npoTeoMa B3pocjibix CTaAHH rejibMHHTOB. 
HaH6ojiee uacTO cpeAn hhx onpeAejraiOT aKTHH h u,enn MH03HHa, b OTAejibHbix 
CJiyuanx Taicnce onpeAeJiniOT TponoMH03HH, napaMH03HH, ru hchh h mho(|)hji- 
jihh (Liu et al., 2006; De la Torre Escudero et al., 2011; Boukli et al., 2011; So- 
tillo et al., 2012; Cui S. J. et al., 2013). flpyruM Heo6xoAHMbiM 3JieMeHTOM npo- 

TeoMa nBJiniOTcn CTpyKTypHbie 6ejiKH AHTOCKejieTa, b uacTHOcra Ty6yjiHH. 

Cpe^H 6ejiKOB, otb eT ctb eHHbix 3a OHepreTHuecKHH MeTa6oJiH3M, y B3poc- 
Jlbix CTaflHH rejibMHHTOB HaCTO HAeHTH(J)HI^HpyK)T (J)epMeHTbI TJIHKOJIH3a, B 

oeoSeHHOCTH eHOJia3y h rjiHijepajibAerHA-3-(|)oc(|)aTAerHAporeHa3y (GAPDH), 
a TaK^ce ajibAOJia3y h 2-(|)oc(])o-D-rjiHLi;epaTrHApojia3y. KaTa6ojiH3M rjii0K03bi 
nBJineTcn ijeHTpajibHbiM 3BeHOM 3HepreTHuecKoro o0MeHa KJieTKH, h (JiepMeH- 
tm, 3a^eHCTBOBaHHbie b otom MeTaSoJiHuecKOM nyTH, npHcyrcTByiOT y 6ojib- 
niHHCTBa opraHH3MOB. IIpeoSjiaAaHHe b ripOTeoMax rejibMHHTOB (})epMeHTOB 
rJIHKOJIH3a MO^CeT TaiQKe KOCBeHHO CBHAeTeJIbCTBOBaTb 06 HHTeHCH(J)HKaU,HH 
aHaopoSHoro OKHCJieroDi rjnoK03bi, CBn3amioro c oco6eHHOCTnMH o6pa3a )KH3- 
HH B Tejie X03flHHa. KpOMe Toro, B TKaHIIX rejibMHHTOB HaCTO HACHTH(j)HII,Hpy- 
k)t 6ejiKH h Apyrnx npoi^eccoB 3HepreTHuecKoro oSMeHa — rjiioKOHeoreHe3a, 
u,HKJia Kpe6ca h OKHCJiHTejibHoro (^oc^opHjmpoBaHHn (c|)oc(|)orjiK)KOMyTa3a, 
4)oc(|)oeHOJinHpyBaTKap6oKCHKHHa3a (PEPCK) h MajiaTAeraAporeHa3a (MDH), 
(J)yMapa3a, MHTOxoHflpnajibHbiH npeAmecTBeHHHK rjiyraMaTAerHAporeHa3bi, 

HA/J,H-^erHAporeHa3a, (J)oc4)orjiHijepaTKHHa3a h ap )- 

HfleHTH(] 3 HKaiJ,HH Ma^COpHblX SeJIKOB B3pOCJIbIX CTaflHH napa3HTHHeCKHX 
uepBeii no3BOJineT npOH3BecTH noncK BHAOcneijH^HHHbix aHTHreHOB Ann pa3- 
paSoTKH BaKii,HHbi npOTHB napa3HTapHOro 3apanceHHn. Taic, noKa3aHa B03M0nc- 
HOCTb ii p h m e h e h h >i eHOJia3bi bhaob Streptococcus suis, Taenia pis iformis (Feng 
et al., 2009; Zhang et al., 2015) h Ascaris suum (Chen et al., 2012) b icauecTBe 
aHTHreHa npn pa3pa6oTKe BaKu,HH (Chen et al., 2012). 

K SejiKaM flOManiHero xo3niiCTBa, o6bihho npeACTaBJieHHbiM b npoTeoMax 
njiocKHx h Kpyrabix uepBeii, OTHOcnTcn KajibijHH-CBn3biBaiomHe 6ejiKH, yuacT- 
Byiomne b peryjinAHH MeTa6ojiH3Ma (Boukli et al., 2011; Sotillo et al., 2012). 
Y F. hepatica h Shistosoma sp. noica3aHO npncyTCTBHe b npoTeoMe 6ojibinoro 
KOJIHHeCTBa HMMyHO(J)HJIHHOB (iJHKJIO^HJIHHOB, nenTHaHJI-npOJIHJI-IIiHC/TpaHC 
H30Mepa3), SejiKOB c manepoHHOH aKTHBHOCTbio, nBJiniomHxcn pemenTopaMH 
^CH3HeHHO Bamioro Ann napa3HTOB cnrHajibHoro nym (Bell et al., 2006; Liu 
et al., 2006; De la Torre Escudero et al., 2011). Cpe^n npOTeojiHTHuecKHx (j)ep- 

MeHTOB B npoTeoMax rejibMHHTOB B 60 JIbIHOM KOJIHHeCTBe 6bIJIH HACHTH(J)HIJ 1 H- 
poBaHbi KaTencHHbi. IIpenpoKaTencHH C 6biJi HACHTH(|)Hii,HpOBaH y S. japoni- 
cum (Hong etal., 2013), KaTencHHbi LhD — y TpeMaTOA F. hepatica h S. man- 
soni (Boukli et al., 2011), hto Taicnce cooTBeTCTByeT a&hhbim, nojiyueHHbiM npn 
aHajiH3e TpaHCKpHnTOMOB. H3BecTHO, hto npoTea3bi HeoSxoAUMbi napa3HTaM 
Ann npoHHKHOBeHHn uepe3 TKaHeBbie 6apbepbi, nnmeBapeHiin h H36eramin hm- 
MyHHoro OTBeTa xo3nmia (Boukli et al., 2011). KaTencHHbi h Apyrne npoTea3bi 
rejibMHHTOB uacTO paccMaTpHBaioTC^ b icauecTBe Bbicoicoo^eKTHBHbix noTeH- 
AHajibHbix Aejieii Ann pa3pa6oTKH hobbix xeMOTepaneBTHuecKHx npenapaTOB, 
BaKAHH, a TaKnce b KauecTBe ceJieKTHBHbix SnoMapicepoB pa3JiHHHbix reJibMHH- 
T030B (Perez-Sanchez et ah, 2008). 
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KpOMe Toro, b npOTeoMax rejibMHHTOB HAeHTH(})HiuipoBajiH h Apyrne 6eji- 
kh. Y HMaro HeMaTO^M Ascaridia galli b cocTaBe pacTBopHMbix SeincoB, noMH- 
mo HaHSoJiee npeACTaBJieHHbix, TaK>Ke npHcyrcTByiOT nomnienTHAbi, yuacTBy- 
tomne b pa3JiHHHbix npoueccax MeTa6ojiH3Ma HyKJieoTHAOB h aMHHOKHCJiOT h 
OHeprerauecKoro oSecneueHmi kjictok ((J)0C(J)0(|)pyKT0KHHa3a, Tpno30(|)oc(|)aT 
H30Mepa3a, aAeHHJiaTKHHa3a, AeaMHHa3a, cy6beAHHHija ajib^a npOTea3bi npo- 
TeocoMbi, ranoTeTHHecKHii 6ejiOK C44B7.10, OTHOCfliAHHOi k MeTa6ojin3My 
au,erajiK03H3HMa A) (Gonzalez-Miguel et al., 2013). B Apyroh pa6oTe b TKarax 
HeMaTOA Syphacia muris , OToSpaHHbix H3 HCKyccTBeHHO 3apa)*ceHHbix JiaGopa- 
TopHbix Mbimeii, TaK^ce 6bijih BbniBJieHbi CTpyKTypHbie Semen (tpottohhh), 6en- 
kh TpaHCKpHm^HPi h pen jihk aijHH K (PHK h /I,HK-nojiHMepa3bi ceMeftcT- 
Ba B), 6ejiKH TpaHc jmii,hh ((jiaKTOpbi ojiOHraijHH CBR-EFT-3.2, (jiaKTOp 3JiOHra- 
u,hh 2, (^aKTOp 3JiOHrat^HH la), 6ejiKH-TpaHcnopTepbi, CHrHajibHbie 6euKH 
(Sotillo et al., 2012). 

Y MHorax H3 H3yneHHbix bhaob Ha ypoBHe npoTeoMa tsk^kq uacxo oSHapy- 
5KHBaiOT PflA 6eJIKOB, KOTOpbie y 6oJIbHIHHCTBa OpraHH3MOB flBJUHOTCfl HaCTBK) 
yHHBepcajibHoft HecnerunjiHuecKOH CHCTeMbi cTpecc-OTBeTa. K hhm othocatca 
6eJIKH aHTHOKCHAaHTHOH 3amHTbI H AeTOKCHKaUHH, TaKHe KaK THOpeAOKCHH, 
cynepOKCH£AHCMyTa3a (SOD), rjiyraTHOH S-TpaHC$epa3bi (GST), ABC-TpaHC- 
nopTepbi (b npoTeoMax F. hepatica, S. mansoni, E. granulosus) (Boukli et al., 
2011; Cui S. J. et al., 2013). HaiifleHHafl b 6ojibihom KOJimecTBe b npoTeoMax h 
T paHCKpHnTOMax rjiyraTHOH S-TpaHC$epa3a yuacTByeT b AeTOKCHKaijHH h y^a- 
neHHH npo^yKTOB nepeKHCHoro OKHCJierora. rioKa3aHo, hto 3tot (J)epMeHT 3K- 
CKperapyeTC^ H3 TeryMeHTa, Bepo^rrao, a™ 3amHTbi napa3HTa ot aKTHBHbix 
4)opM KHCJiopoAa, BbipaSaTbiBaeMbix HMMyHHbiMH KJieTKaMH xo3flHHa (Abath, 
Werkhauser, 1996). 06pam,aeT Ha ce6a BHHMaHHe 6ojibuioe pa3HOo6pa3He mo- 
jieKyrapHbix manepOHOB y npeACTaBHreneH nnocKHx nepBefi h HeMaTOA (Beni¬ 
tez et al., 1998; Merckelbach et al., 2003; Liu et al., 2006; Perez-Sanchez et al., 
2008; Smith et al., 2008; Boukli et al., 2011; De la Torre Escudero et al., 2011; 
Sotillo et al., 2012). IlIanepoHbi nrpaioT KmoueByio ponb b npoiteccax co3peBa- 
hhh h Aerpa^auMH 6ejiKOB, cnoco6cTByji nepecTpoincaM MeTa6ojiH3Ma npH H3- 
MeHeHHH ycjiOBHH cpeAbi oQktzhwi. /3,aHHbie npOTeoMHbix HCCJieAOBaHHH co- 
raacyiOTC^ c pe3yjibTaTaMH aHajiroa reHOMa jieHTOHHbix uepBeii, KOTOpbiii ot- 
jiHuaeTC^ Sojibhihm pa3HOo6pa3HeM reHOB 3Toro ceMeftcTBa (Tsai et al., 2013) 
h cBHAeTeJibCTByioT o 6oJibmoM 3Hauemm othx SemcoB am 5KH3HeAeirreJibHo- 
cth napa3HTOB. 

ripH nOMOIAH MeTOAOB npOTeOMHKH OKCnepHMeHTaJTbHO 6bIJIO npOAeMOHCT- 
pnpoBaHO He tojibko npHcyTCTBHe KOHcepBaTHBHbix 6ejiKOB, yuacTByiomHx b 
o6^3aTejibHbix KJieTOHHbix npoueccax, ho TaioKe BbniBJieHbi SeuKH, BOBJieueH- 
Hbie b SHOXHMHuecKHe aAanTauHH HMarHHajibHoii (jiopMbi napa3HTa k )kh3hh b 
Tene xo3^HHa. TaK, y B3pocjibix TpeiuaTOA Zygocotyle lunata b 6ojibiiiom kojih- 
uecTBe 6biji o6Hapy)KeH mhofjioShh, 6ejiOK, kotopbih HMeeT BbicoKoe cpoactbo 
k KHCJiopoAy (Sotillo et al., 2011). Bepo;rrao, otot nojinnenTHA cnocoScTByeT 
BbDKHBaHHio TpeMaTOA b ycjiOBmix ranoKCHH (Kiger et al., 1998). y HeMaTOAti 
Ascaridia galli b npoTeoMe oSHapy^ceHbi nojinnenTHAbi, yuacTByiomHe b 
TpaHCnopTe h o0MeHe jihhhaob, TaKHe KaK nponHOmui KoA-Kap6oKCHJia3a, 
JIHnHA"CB^3bIBaK>HI,HH 6eJlOK, HOH-CB^3BIBaiOmHH 6eJlOK (6eJlOK ABHraTeJlbHOH 

aKTHBHocTH noJiOBbix KJieTOK MFP2b) (Gonzalez-Miguel et al. 5 2013). riocJieA- 
Hne Asa 6eJiKa 5 ibjhhotc5i cneuiH^HHHbiMH am npeACTaBHTeJieH Kpyrabix uep- 
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Beii. JlHnHA-CBM3biBaiomHe 6ejiKH oneHb Ba^CHbi ajia napa3HTHHecKHx HeMaTOA, 
TaK KaK b ycJiOBHJix He^ocTaTKa KHCJiopoaa y hhx cHH^ceHbi chocoShocth ca- 
MOCTOHTeJIbHO OKHCJIHTb JIHITHAbL Il03T0My BbICOKHH ypOBCHb CO^ep^CaHM 

jihhhaob, peTHHOH^OB h cTepoHAOB, xapaKTepHbin j\jin 3thx HepBeii, noAAep- 
)KHBaeTCfl 3a cneT aKTHBHoro TpaHcnopTa H3 opraHH3Ma xo3HHHa. 

Bamieiimee 3HaneHHe a™ ycneniHoro napa3HTHpoBaHHH HMeeT erpoeHHe h 
CTpyKTypa o6ojiohkh Tena napa3HTa. Y miocKHx HepBeii noKpOBbi npeACTaBJie- 
hm cneu,H(J)HHecKoii MOp(|)OJiorHHecKOH CTpyKTypoii — TeryivieHTOM, Bbinojimi- 
k>ih,hm p^A 4>yHKijHH, BKJnonaiomHx 3ain,HTy ot HMMyHHoro OTBeTa xcmrnia h 
norjiomeHHe nHTaTejibHbix BemecTB H3 cpeAti. B pa6oTe Jliiy h AP- (Liu et al., 
2006) 6biJi npoBeACH noApoSHbiii aHajiH3 cocTaBa SejncoB TeryMeHTa S. japoni- 
cum , KOTOpbiii noKa3aji, hto b abhhoh TKaHH npOTeKaiOT aKTHBHbie MeTa6ojiH- 
uecKHe npoAeccbi. IIomhmo CTpyKTypHbix h ABHraTejibHbix 6ejiKOB (aKTHH, 
TySyjiHH, KOJiJiareH, napaMH03HH, TponoMH03HH, mho3hh h ahhchh) h npOTeo- 
jiHTHuecKHx (j)epMeHTOB (jieHii;HHaMHHonenTHAa3a 5 npeAinecTBeHHHK KaTencn- 
Ha B), b a^hhoh TKaHH o6Hapy)KeHbi peryjHrropHbie 6ejiKH (NO-CHHTa3a, 
14-3-3 SeJiOK, aHHeKCHHbi, npe3eHeJiHH, 6cjikh peryjmjHH oSMeHa KajibijHH: 
KajibnaHH, KajibpeTmcyjiHH, Kajibu,HHeiipHH, ocTeoHeKTHH), a Taotce SejiKH 
ocMOperyji^AHH (Na+/K+-ATOa3a). rioKa3aHO npHcyTCTBHe 6ojibinoro HHCJia 
manepOHOB h manepOHHHOB, a TaK^ce 6cjikob, ynacTByiomHx b BOCCTaHOBH- 
TeJIbHblX peaKU,H^IX H 06jiaAai0lII,HX aHTHOKCHAaHTHbIMH CBOHCTBaMH h, Bepo- 
htho, noMoraiomux 3aiu,mu,aTbc^i ot tokchhob (THopeAOKCHH nepoKCHAa3a 
(TPx), SOD). TaK)Ke HAeHTH(J)nij,npoBaHbi HeKOTopbie cneii,H(|)HHecKHe am 
TpeMaTOA 6eJiKH c HeH3BecTHoii (JiyHKiiHeH (21.7 K,H,a aHTHreH, 22.6 K,U,a aHTH¬ 
reH, accou,HHpOBaHHbiH c TeryMeHTOM, Sm20 amnreH). 

B AOCTynHOii jinrepaType npeACTaBJieHO Majio pa6oT no H3yneHHio 6ejnco- 
boto cocTaBa KyTHKyjibi napa3HTHnecKHx HeMaTOA- B nccjieAOBaHnn J\yKQnr 
U,yn haP- (Cui J. etal., 2013) noBepxHOCTHbix 6cjikob KyTHKyjibi jihhhhok 
Trichinella spiralis yAajiocb HA£HTH(])HiiHpoBaTb cepnHOBbie npoTea3bi, ynacT- 
Byionjne b pa3pyineHHH SejncoB xo3HHHa n npomiKHOBeHHH HepBeii b ero TKa¬ 
HH, h Ae30KCHpH6oHyKJiea3bi II — (jiepMeHTbi peryjnujHH HMMyHHoro OTBeTa h 
anonT03a. OyHKijHio euje 10 noBepxHOCTHbix 6cjikob T\ spiralis b abhhom hc- 
CJieAOBaHHH He yAajiocb onpeAOJiHTb. LDBecrrao, hto ochobhbim KOMnoHeHTOM 
KyTHKyjibi HeMaTOA flBjmeTCn CTpyKTypHbiii 6ejiOK KOJiJiareH, a TaK^ce KyrnK- 
jihh — 6eJioK, cneii:H(J)HHHbiH am Kpyrabix HepBeii, — h pa3JiHHHbie rjiHKonpo- 
TeHHbi. B reHOMe HeMaTOA npHcyrcTByeT 6oJiee 170 reHOB, KOAHpyiomnx koji- 
jiareH, npH otom pa3Hbie HaSopbi othx reHOB 3KcnpeccHpyioTCfl Ha pa3Hbix cTa- 
Ahhx ^CH3HeHHoro ijmcjia nepBeii (Mitreva etal., 2004). IIpeAnojiaraeTCH, hto 
cnoco6HOCTb c6pacbiBaTb KyraKyjiy bo BpeMH jihhbkh, OAHOBpeMeHHO nOA- 
CTpanBan noKpOBbi k hobbim ycjiOBHHM o6nTaHHH npH nepexOAe b hoboto xo3h- 
HHa (b tom HHCJie Ha ypoBHe cocTaBa KOJiJiareHOB), HMeeT 6ojibinoe 3HaneHHe 
AJifl ycneuiHOH HHBa3HH y napa3HTHnecKHx HeMaTOA (Viney, 2017). OAHaKO 
OKcnepHMeHTajibHbix abhhbix, noATBepjKAaiomHx pa3Hbiii cocTaB KOJiJiareHOB 
npn nepexoAe jihhhhok Ha HOByio CTaAHio JKH3HeHHoro AHKJia, noKa HeAOCTa- 
TOHHO. Bo MHOTOM 3T0 CBH3aHO C TeM, HTO B SOJIbHIHHCTBe npOTeOMHbIX HCCJie- 
AOBaHHH HCnOJIb3yiOT npOTOKOJIbl BblAeJieHHH SeJIKOB, KOTOpbie He n03BOJHHOT 
3(|)4)eKTHBHO 3KCTpBTHpOBBTb HepaCTBOpHMbie SeJIKOBbie nOJIHMepbl, TaKHe KaK 
KOJiJiareH h KeparaH. 
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CPABHEHHE IIPOTEOMOB rEJIbMHHTOB 
HA PA3JIHHHbIX CTAflHHX 2KH3HEHHOrO IJHKJIA 

TaK KaK 60JIbIHHHCTB0 napa3HTOB HMeeT CJI03KHBIH 5KH3HeHHbIH I1HKJI, 3ana- 
CTyio conpoBO^CAatomuHCii cmchoh xo3flHHa, Sojimhoh HHTepec npeACTaBJineT 
H3yneHHe npo(j)HJin 6ejiK0B, KOTOpbie OKcnpeccnpyiOTcn npH nepexo/je napa3H- 
Ta Ha HOByio CTa^Hio OHToreHe3a. 

Bojibinoe KOJiHnecTBO HCCJieAOBaHHH napa3HTOB nejiOBeKa h ^hbothmx 
Schistosoma spp. 6biJio npoBeACHO c HcnoJib30BaroieM BbicoKonpoH3BOAHTeJib- 
hmx MeTOAOB npoTeoMHKH HOBoro noKOJieHH^ (Liu etal., 2006; Hong etal., 
2013; Wang et al., 2016, h a P-)- Tax, BceoS'beMJnonjHH aHajiH3 6onee neM 400 
o6pa3u,OB SejiKOB TpeMaTOAu S. japonicum , nojiyueHHbix Ha pa3Hbix CTaAHnx 
)KH3HeHHoro ijHKJia nepBn, 6biJi npoBeACH b pa6oTe Jlny h jsp. (Liu et al., 2006). 

Ebino noKa3aHO, hto b HHijax iiihctocom, nojiyneHHbix H3 KpOBH 3apanceH- 
hmx Mbimeii, b 6ojibmoM KOJiHuecTBe OKcnpeccnpyiOTcn 6ejiKH, ynacTByiomHe 
B ACJieHHH KJieTOK (6eJIOK, aCCOUiHHpOBaHHblH C MHKpOTpySOHKaMH, peryJIflTOp 
cnmajibHoro KacKajja peijenropa G-6eJiKa — RGS2) h 3M6pHOHajibHOM pa3BH- 
THH (TBHCTep, HOKTypHHH, 6eJIOK pa3BHTHH HepenHO-JIHIjeBOrO OT^eJia 1 H 3H- 
xaHcep TLE3). TojibKo Ha otoh CTajjHH 6buiH TaK>Ke o6Hapy)KeHbi HeKOTopbie 
6ejiKH, accou,HHpOBaHHbie c o6mchom KajibijHfl (KajibijneBbiH KaHan BbicoKoro 
HanpmKeHHfl, Kajibu,HH/KajibMOAynHH-3aBHCHMan npOTeHHKHHa3a II). /JaHHbiii 
SejiKOBbiii npo(|)HJib MO>KeT OTpa^caTb npoijecc aKTHBHoro C03peBaHHH BHyTpH 
ninja cJiejjyiOHjeH CTajjHH pa3BHTHn nepBn — cBoSojjHonjiaBaioiijeH jihhhhkh 
MHpaijH#Hn. K MOMeHTy nonajjaHHn nmj bo bhcuihiok) cpe/jy BHyTpH b Sojib- 
niHHCTBe cjiyuaeB Haxojprrcn ynce c(})opMHpoBaHHbie noKonnjHecn jihhhhkh 
(Liu et al., 2006). OTjjejibHO b 3toh pa6oTe 6bui HCCJie/jOBaH cocTaB o6ojiohkh 
ninja. noMHMO CTpyKTypHbix SejiKOB, a Tannce cneijHajiH3HpOBaHHbix 6ejiKOB 
(p48 6ejiOK o6ojiohkh ninja, p40 rjiaBHbiii aHTHreH nhija, 21.7 kDa aHTHreH, 
SM22.6 aHTHreH), 3jtecb oSHapynceHo mhoto manepoHOB, THope^OKCHH nepoK- 
CH^a3a h jjpyrne 6ejiKH, ynacTByionjHe b BOCCTaHOBHTejibHbix peaKijnnx. 3to 
CBHfleTejibCTByeT 0 tom, hto 3Ta raaHb npeACTaBJineT co6oh 6HOXHMHnecKHH 
6apbep, 3anjHiijaionjHH jiHHHHKy ot OKHCJiHTejibHoro CTpecca. B cocTaBe 060- 
JIOHKH HHU,a TaK^Ce npHCyTCTByiOT 6eJIKH, CBn3aHHbie C HMMyHHbIM OTBeTOM 
(3HAOnJia3MHH, HMMyHO(j)HJIHH, TpaHCKpHnTbl, aCCOlJHHpOBaHHbie C aHTHreHa- 
mh rnaBHoro KOMnneKca rncTocoBMecTHMocTH, TpoM6oijHTapHbiH rjnnconpo- 
TeHH Ilia). HajiHHHe 6eJiKOB, npHBJieKaKinjHx HMMyHHbie KJieTKH, cnocoScTBy- 
eT pa3BHTHK) xpoHHHecKoro BocnajieHHn h o6pa30BaHHio BOKpyr napa3HTa cne- 
u;H(^HHecKOH Mop(j)OJiorHHecKOH cTpyKTypbi — rpaHyneMbi. Bo3MO)kho, 
CTHMyjMIJHn HMMyHHOTO OTBeTa MO)KeT 6bITb nOJie3Ha reJIbMHHTy Ha CTajJHH 
HHu,HCTHpOBaHHH b tkbhh, TaK KaK cnocoScTByeT o6pa30BaHHio BOKpyr Hero 
KJieTOK xo3HHHa 3am,HTHOH (J)h6phhoboh o6ojiohkh Kancyjibi. 

Y He^aBHo BbiJiynHBiHHxcn MHpaiwjHeB S. japonicum 45 % SeJiKOB coBna- 
jjaeT c SejiKaMH ninja, a 237 Sbijih oSHapynceHbi tojibko Ha otoh CTa^HH (Liu 
et al., 2006). npejtnoJioneHTeJibHo, nacTb H3 hhx (Notch peijeirropbi, GABA pe- 
ijenropbi, AnoKCHHOBbie peijenropbi h aijeTHJixojiHHOBbie peijenropbi) HyncHbi 
jjjin BoenpunTHn CBoSoAnomiaBaionjeH jihhhhkoh xHMHnecKHx CHraanoB, b 
tom HHCJie ot npoMencyTOHHoro xo3nHHa — yjiHTKH. C cocTaBOM 6ojiee neM 
2000 6eJiKOB MHpaijH^HeB ^pyroro BH^a — S. mansoni — mo^cho 03HaKOMHTb- 
cn b pa6oTe BaHra h jsp. (Wang et ah, 2016). Cpe^n hhx, noMHMO 6eJiKOB 6a30- 
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Boro o6MeHa, OTMenaeTca oGhjihc Scjikob TennoBoro rnoKa h pa3Hoo6pa3Hbix 
rjiHKonpoTenHOB (Wang et al., 2016). 

3Kcnpeccn5i tojibko Ha CTa^HH uepicapHH — CBoSoAHomiBymeH, arcmBHo 
ABHraiomeiicfl jihhhhkh — 6biJia noKa3aHa ara 970 SemcoB S. japonicum. Cpe- 

AH HHX 6bIJI (|)OTOHyBCTBHTeJIbHbm (JiepMeHT ,Il,HK-(J)OTOJIHa3a, BepOHTHO, 3a- 
mHmaiomHH CBoSoAHOmiaBaiomyK) JiHHHHKy ot yjibTpacjiHOJieTOBoro H3Jiyne- 
HHfl. Ha A^HHOH CTa^HH (xOTfl He TOJIbKO Ha 3TOH) TaioKe 3KcnpeccHpyeTca 
6ojibmoe KOJimecTBO pei^enTOpHbix 6cjikob (KyjuiHH 5, ahokchhobbih pen,en- 
Top h op4>aHHbiH pei^enTop c HeH3BecTHoii KOTopbie, no mhchhio 

aBTopoB paSoTbi, MoryT cnocoScTBOBaTb o6Hapy)KeHHK) CBoSoAnonjiaBaiomHM 
napa3HTOM CBoero xo3flHHa. npn 3tom b npoTeoMe S. japonicum He 6biJi o6Ha- 
py^ceH (j^epMeHT 3JiacTa3a ijepKapHH, Tor^a icaic y S. mansoni 3tot 6enoK bo- 
BJieneH b npOHHKHOBeHHe nepe3 Ko^cy xo3^HHa. TaioKe y^ce Ha CTa^HH cnopo- 
ijhctbi (b MOJiJHOCKe) h iiepicapHH (cBoSoAHomiaBaiomafl jinnHHKa) y S. japoni¬ 
cum o6Hapy)KHBaK)T pjiA SerncoB, OTBenaionj.Hx 3a nojiOByio J a;H^)(J)epeHu 1 HpOBKy 
(npeanoJiaraeMbiH nonoBoit (jraierop Y (SRY), ceMeHHHK-onpe^eraioHpcH (J)aK- 
Top), hto roBopHT o tom, hto 3aKJiaAKa nonoBbix npH3HaKOB y napa3HTa nponc- 
xoaht 3aAOJiro a o AOCTH)*ceroDi nonoBOH 3penocTH b OKOHHaTenbHOM xo3^HHe 
(Liu et al., 2006). 

Ha CTa^HH neueHOHHOH niHCTOCOMyjibi, nocne npOHHKHOBeHHfl b OKOHua- 
TejibHoro xo3^HHa — TennoKpOBHoe MJieiconHTaiomee — OTMenaeTCfl noBbi- 
meHHoe coAep)icaHHe SeJiKOB, cBfl3aHHbix c HeiipoHajibHbiM pa3BHTHeM (y6nK- 
BPiTHHJHH"a3a NEDD4-like, 6eJiOK-npHOH B3aHMOAeHCTByioiAHH cjiaicTop, M^ep- 
Hbiii nepeHocuHK Kapno(|>epHH, cepHH/TpeoHHH-npoTeHHKHHa3a BUB1, thctoh 
MeTHJiTpaHc4)epa3a Su (var) 3-9), hto, bo3mo)kho, CBJi3aHO c aKTHBHoii ^en- 
TejibHOCTbio napa3HTOB bo BpeM^i hx MHrpau,HH H3 neueHH b 6pbi3)KeeHHbie 
BeHbi, r,qc b ochobhom npe6biBaiOT nojiOB03pejibie oco6h. TaioKe HMeeTCa mho- 
ro 4>epMeHTOB pacmernieroni reMoraoSHHa, Heo6xoAHMbix neneHOHHOH hihc- 
TocoMyjie a™ rarraroni KpoBbio xo3^HHa (Liu et al., 2006). CxoAHbie pe3yjn>Ta- 
tm noJTyneHbi rji% 8-AHeBHbix HiHCTocoMyn S. mansoni (Hong et al., 2013). Ha 
3 toh CTa^HH 6buio Bbi^BJieHO 6ojibinoe KOJimecTBO SejiKOB, yuacTByK)m,Hx b 
aflanTai^HH k CTpeccy: 6ejiKH TennoBoro moKa (HSP90), raopeAOKCHH nepOK- 
CH^a3a, a TaioKe 6ejiKOB, ynacTByiomHx b npoijeccax pa3BHTHa h 6enKOBOM 06- 
MeHe. 

CocTaB KOHCTHTyTHBHbix 6ejiKOB nojioB03pejibix CTa^HH Schistosoma spp. b 
oSiijhx uepTax 6biji onncaH Bbime. O^naKo cneAyeT otmcthtb npHcyTCTBHe 
b npoTeoMe pa3AeJibHonoJibix ihhctocom cneitH^HnecKHx 6eJiKOB, oTBenaio- 
nj,Hx 3a nonOBoe C03peBaHHe (TpaHCKpHni^HOHHbiH (jiaicrop Fezl, roHa^Hbiii th- 
ctoh H2A, 6ejioK o6ojiohkh flinja). /I,™ caMOK xapaicrepHa noBbimeHHa^ 3Kcn- 
peccmi npe^nojiaraeMOro pH6o$opHHa II, BHeKJieTOHHOH cynepOKCHAAHCMy- 
Ta3bi, 6ejiKa, cneijH^HHHoro a™ caMOK 800, a a™ caMii,OB — 6enKa 
THHeKO(J)opHoro KaHana, aMHAa3bi, F-box Semca. 

Eojibinoe KOJinuecTBO pa6oT nocB^mieHO H3yueHHK) MOJieKyrapHbix ochob 
)KH3HeAe5iTeJTbHOCTH Apyrnx napa3HTOB uenoBeica — npeACTaBHTeJieii poAa Ec¬ 
hinococcus. noApoSHoe onncaHHe npoTeoMa njiepou,epKOHAOB E. granulosus h 
E. multilocularis npHBeA^HO b paSoTax Illy JJji caH H,yH h aP- (Cui S.J. etal., 
2013) h BaHra h aP- (Wang et al., 2009). 

Ha pHC. 4 npeACTaBJieHa racTorpaMMa BCTpeuaeMOCTH pa3JiHHHbix 6enKOB b 
npoTeoMax jthhhhok o6ohx bhaob, oSHTaion^Hx bo BHyrpeHHHx opraHax Ten- 


191 


riHpyBaTKHHa3a 

Oo(|)oeHOJinHpycaTKap6oKCHJia3a 

MajiaTAerHAporeHa3a 

HMMyHO(J)HJIHH 

HSP70 
KaJibpeTHKyjiHH 
Ty6yjiHHbi 
Tp0n0MH03HH 
rtapaMH03HH 
AHrareH 0HK0C(j)epbi 
KajibnaHH 
rjiyTaraoH S-TpaHC(J)epa3bi 
AKTHHbl 
LJennAHHenHa 
14-3-3 
TeTpacnaHHHbi 
TCP-1, BeJiKH T-KOMiuieicca 1 



BCTpC T iaCMOCTL B npOTCOM3X npOTOCICCUCKCOB rCJIBMHHTOB 


Pec. 4. Han6onee nacTO BCTpenaiomHecfl 6enKOBbie ceMencTBa b npoTeoMax npoTOGKOJieKCOB Echo- 
nococcus granulosus h E. multilocularis (no pe3ynbTaTaM npoTeoMHbix Hccjie^oBaHHH Cui et al., 

2013 n Wang et al., 2009). 

Fig. 4. The most frequent protein families proteomes of protoscolexes Echonococcus granulosus and 
E. multilocularis (according to the results of proteomic studies Cui et al., 2013 and Wang et al., 

2009). 


jiOKpOBHbix MJieKoraiTaiomHx. Bojibine Bcero (8 pa3JinHHbix cjiopM) cpe^n Bcex 
kji eHTH^HifHp ob aHHbix SeJiKOB npe^CTaBJieHbi 6eJiKH T-KOMnneKca — MOJieKy- 
rapHbie nranepoHbi, oTBeTCTBeHHbie 3a npaBHJibHyio yKJia^Ky aKTHHa h Ty6y- 
jiHHa (Seo et al., 2010). Ha btopom MecTe no BCTpenaeMocTn cpe^n nji;eHTH(J)H- 
u,npOBaHHbix GejiKOB — TeTpacnaHHHbi, KOTOpbix 6buio BbiHBJieHO 6 pa3JiHH- 
hmx (J)opM. TeTpacnaHHHbi ynacTByiOT bo MHO^cecTBe KJieTOHHbix nponeccoB, 
BKJiiOHan ^H(J)4)epeHLi,HaLi,HK), aAre3Hio, arperau,Hio, CHraajibHbie nym (Helmer 
etal., 2003; Gordon-Alonso etal., 2006; Silvie etal., 2006; Yalaoui etal., 
2008), a Taioice BOBJieneHbi bo MHO^cecTBO naToreHHbix npon,eccoB (Zoller, 
2008). noKa3aHo, hto TeTpacnaHHHbi BOBJieneHbi b nponeccbi pa3BHTHH> co3pe- 
BaHH^ h CTaSnjibHOCTH TeryMenra h H 36eraHHn HMMyHHoro otbctb y TpeMaTOA 
(Cai et al., 2008; Tran et al., 2010; Walker, 2011; Piratae et al., 2012; Me Willi¬ 
am et al., 2014). 

B neJiOM npoTeoM npoTocKOJieiccoB xapaKTepinyeTcn oSnnneM cTpyKTyp- 
hhx SeJiKOB (napaMH03HH, TponoMno3HH, /jimenH, aKTHH,, Ty6yjiHH, 6eJiOK Te- 
ryMeHTa), 6ejiKOB yrneBOAHoro h OHepreTHnecKoro o6MeHa (MDG, PEPCK, 
4>0C(f)0(|)pyKT0KHHa3a (PFK), nnpyBaTKHHa3a (PyK), GAPDH, eHOJia3a, TpaHc- 
KeTOJia3a), peryjinTOpHbix MOJieKyji (peryjniTOpHbie 6enKH ceMeiiCTBa 14-3-3, 
KaJibpeTHKyjiHH). Taioice oSHapy^ceH p ha SejiKOB, ynacTByiomnx b OTBeTe Ha 
CTpecc (HSP70, cynepOKCHAAHCMyTa3a, GST, TPx), h npOTeojiHTHnecKHe $ep- 
MeHTbi (KaTencHH B, KajibnaHH, cepnHOBan iipoTenHa3a 3 (anrareH P-29)). 3 th 
S emen Moryr npnHHMaTb ynacTne b bbi}khb amm reJibMnHTa npn cTpecce, hh- 
AynnpoBaHHOM HMMyHHon peaicipieii xo3mma (Vibanco-Perez etal., 1998; 
Berggren et al., 2001; Sheehan et al., 2001). 

HnrepecHbie AaHHbie o SemcoBOM cocTaBe ctchok h coflep)KHMoro u,hct 
E. granulosus 6 bijih nojiyneHbi b paSoTe MoHTepo h #p. (Monteiro etal., 
2010). BejiKH, ceKpeTHpyeMbie rejibMHHTOM b Kancyjiy, BKmonajiH 6enKH u,hto- 
CKeneTa (aKTHH), manepoHbi, aHTHOKCHflanrabie (jiepMeHTbi (TPx), thctohm 
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h 6ejiKH, ynacTByiomHe b MeTa6ojiH3Me (u,nTpaTCHHTa3a). CTeHKa Kancyjibi co- 
^ep^cajia aKTHH, 6eJiOK TeryMeirra EgTeg, napaMH03HH, KajibiiHH-CBfl3biBaK)- 
ih;hh 6ejiOK, GST, TPx, (J>eppHTHH h (JiepMeHTbi 3HepreTHHecKoro o6MeHa: iiht- 
paTCHHTa3y, ajib#0Jia3y, MHTOxoHApnajibHyK) HA,H,0+ H3omrepaT£erH£po- 
reHa3y, JiaKTaTflerHflporeHa3y (LDH), MDH, 0pHHTHHaMHH0TpaHC(|)epa3y, 
PEPCK, nnpyBaTAernAporeHa3y (PDG), Y/J,O-rjn0K03-4-3nnMepa3y. Pe3yjib- 
Tara HCCJieAOBaHH^i HarraAHO ^eMOHCTpHpyiOT, hto CTeHKa n,HCTbi E. granulo¬ 
sus — 3to He npocTO «MepTBa^» oSojiOHKa, MexaHHHecKH Bbinojimnoman 
6apbepHyio (jiyiiKijHK), a MeTaSoJiHHecKH oneHb aKTHBHoe o6pa30Bamie, Hrpa- 
K>m;ee Ba^CHyio pojib b noAAep^caHHH ^CH3He^e^TejibHOCTH napa3HTa. 

npe^CTaBJieHHe o SnoxHMHHecKOM B3aHMO^eiiCTBHH Me^y napa3HTOM h 
ero xo35ihhom mo^cho nonyHHTb npH aHajiH3e 6ejiKOB xo3HHHa, 3KCTparHpyio- 
njHxcfl BMecTe c 6ejiKaMH nepBH. HanpHMep, pa3Hbiii Ha6op SejiKOB npOMe^cy- 
tohhoto xo3MHHa (oBi^a Ovis aries , napa3HT o6nTaeT b neneHH) h OKOHnaTenb- 
hoto xo3iiHHa (co6aKa Canis lupus familiaris , napa3HT HaxoAHTCH b KHineHHH- 
xe) 6biji oSHapy^ceH b 3KCTpaKTax E. granulosus (Cui S. J. et al., 2013). EejiKH 
OKOHnaTeJibHoro xo3HHHa 6biJiH npeACTaBJieHbi CTpyKTypHbiMH SeJiKaMH: aKTH- 
hom, KeparaHOM, rHCTOHOBbiMH 6ejiKaMH h HeKOTOpbiMH (J)epMeHTaMH MeTaSo- 
jiH3Ma. npH 3tom He BbMBJieHbi HMMyHoreHHbie MOJieKyjibi, hto, KaK npeAno- 
jio>khjih aBTOpbi, yKa3biBaeT Ha cjia6oBbipa)xeHHoe MecTHoe BOcnajieHHe. Cpe- 
js, h 6ejiKOB npOMe>KyTOHHoro xo3HHHa, noMHMO CTpyKTyp hbi x SejiKOB h 
MeTaOoJiPiHecKHx cJiepMeHTOB, npHcyTCTBOBajin 6eJiKH BocnajnrreJibHoii peax- 
i^hh h anonT03a (HMMyHorjioSyjiHHbi (IgG), reMoraoSmi, cbiBopoTOHHbrii ajib- 
6yMHH, ^e30KCHpH6oHyKJiea3a 1). EloKa3aHo npHcyrcTBHe rjiHKoreH(J)oc(J)opH- 
Jia3bl X03HHHa, HTO MO^CeT yKa3bIBaTb Ha HHTeHCHBHOe BblCB060)KAeHHe TJHO- 
ko3bi b HenocpeACTBeHHoii 6jih30Cth ot rejibMHHTa h, Bepo^rrao, Bbi3BaHO ee 
AecjMijHTOM b TKaHH neneHH H3-3a nOTpe6jiemtti napa3HTOM. HajiHHne KOMno- 
HeHTOB KpOBH X035IHHa (CBHHbH SUS SCrofa dOMeStiCUS) 6bIJIO nOKa3aHO B 3KCT- 
paKTax MeTauecTo^ cbhhoto ijenroi Taenia solium (HMMyHoraoSyjiHHbi, reMo- 
TJTo6hH, CbIBOpOTOHHblH aJIbSyMHH). ElOMHMO 3T0T0, IJHCTOH nOTJlOmaJTHCb pe- 
ryjurropHbie h TpaHcnopTHbie SejiKH: a,zjeH03HJi roMOu,HCTeHHa3a, yrnepoAHan 
aHTHApa3a 3, u,HCTeHHKHHa3a rana M, anojinnonpOTenH A-I, TpaHCrapeTHH, 
reMOneKCHH, TpaHC(|)epHH, ranTOraoSHH, TpHnCHH, ajib^a-l-aHTHTpHnCHH, hh- 
th6htop 3JiacTa3bi jieiiKOLiiHTOB, HHTep-ajib(J)a-HHrH6HTOp TpHncHHa, ajib- 
$a-2-HS-rjiHKonpoTeHH, npoTerpHH (Victor et al., 2012). Taxoe H3o6Hjme 6eJi- 
KOB C Ba^KHblMH )KH3Heo6ecneHeHHfl (^yHKIIHHMH MOvKeT TOBOpHTb 06 aK- 
THBHOH XHMHHeCKOH KOMMyHHKaiJHH MQyKJg/ napa3HTOM H eTO X03HHH0M, 
bo3mo)kho, npocTHMyjiHpOBaHHOH CHraajibHbiMH MOJieKyjiaMH napa3HTa. 

HajiHHHe cneu,H(^HHecKHx MeTaOojiHnecKHx noTpeOHOCTeii Ha pa3Hbix cra- 
Amix ^CH3HeHHoro ijHKJia noKa3aHO Ha npnMepe eme oahoh ijecTO^bi — Spiro- 
metra erinacei (Kim et al., 2009). Y 8-^HeBHbix HenojiOB03pejibix oco6eii co- 
JIHTepa H3 KHHieHHHKa KOHIKH 6bIJIO o6Hapy)KeHO 8 SeJTKOB, KOTOpbie OTCyTCT- 
BOBajiH Ha Apyrnx CTa^mix >KH3HeHHoro ipnoia nepBH (npoTOCKOJieKcax H3 
3MeH h noJioB03peJibix ocoSeii H3 koihkh). EoJibman hx nacTb ynacTByeT b Me- 
Ta6ojiH3Me HK h PHK (6ejiox, co^ep^ca i^hhkobbih najieij, CHHaTaxcHH, 
Ty(|)TeJIHH-B3aHMOAeHCTByK)mHH 6eJlOK 11 (TFIP11), CenTHH H Ty^Te- 

JIHH-B3aHMOfleilCTByiOmHH 6eJlOK 1 (STIP-1)), H HX 3KCnpeCCHH CBHAeTeJlbCT- 
ByeT 06 aKTHBHOM pOCTe H pa3BHTHH JIHHHHOK nOCJie npOHHKHOBeHHH B OKOH- 
naTeJibHoro xo3HHHa. npHcyrcTBHe nponHOHHJi KoA-Kap6oKCHJia3bi, BOBJie- 
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HeHHoft b KaTa6ojiH3M u,eneii )khphbix khcjiot h pa3BeTBJieHHbix aMHHOKHCJiOT, 
no-BH^HMOMy, oSecnenmaeT nojiyneHHe OHepran a™ aKTHBHoro pocTa. Eojib- 
moe co^ep)KaHHe CTpyKTypHoro 6ejiica HeSyjieTTa, a TaK^ce noBbimeHHoe no 
cpaBHeHHio c noJiOB03peJibiMH nepBHMH co^ep^caHne MH03HHa n Ty6yjiHHa ot- 
pa^caiOT MOp(|)OJioranecKHe nepecTpoincn, nponcxoA^mne bo Bpeivm co3peBa- 
hhh. no cpaBHeHmo c nojiOB03pejioii CTaAnen y jihhhhok TaioKe C0Aep)KHTC a 
6ojibiue 6ejiKa KonnHa 5, KOTopbiii ynacTByeT b pa3BHTHH HepBHon cncTeMbi. 
TaK^ce aKTHBHbie MeTaSojinnecKne npoijeccbi y jihhhhok conpoBO)KAaK)TCn 
CHHTC30M SeJIKOB, C03peBaHHH KOTOpbIX Ha AaHHOH CTaAHH CHHTC3HpyeTCH 
MOJieKyjinpHbiii manepoH (UP3) h HMMyHO(J)HJiHH. Pha 6cjikob, coAep^Kamie 
KOTopbix noBbimeHO y jihhhhok, ynacTByeT b a^anTai^HH napa3HTa k oShtahhio 
b oKOHnaTejibHOM xo3HHHe. CpeAH hhx npeAinecTBeHHHK 6ejiKa, coAep^Kamero 
AOMeH THOpeAOKCHHa, BbinOJIHHIOmHH (J)yHKH,HIO 3aiIJHTbI OT aKTHBHbIX (})OpM 

KHCJiopOAa h aAeHHH-ijHCTeHHOBafl npOTeHHa3a, Bepo^rrao, 3aAeHCTBOBaHHan b 
paciAenjieHHH 6cjikob xo3HHHa h 3am;HTe ot HMMyHHoro OTBeTa. 

Y HeMaTOA b xoAe npoxo^KAemni 3KH3Hemioro iiHKJia He nponcxoAHT 3HanH- 
TeJIbHblX MOp(J)OJIOrHHeCKHX H3MeHeHHH (MeTaM0p(})03a), OAHaKO HMeeT MeCTO 
npoAecc cSpacbiBaHHH BHeniHero noKpoBa Tejia — KyTHKyjibi. 3HaneHHe 3Toro 
npoAecca a™ ycneniHoro napa3HTHpOBaHira o6cy)KAajiocb Bbirne. Momio 
jiHHib Ao6aBHTb, hto y napa3 hthh e ckhx HeMaTOA 3tot npoijecc nacTO CHHxpo- 

HH3HpOBaH C 3aceJieHHeM B X03HHHa HJIH CMCHOH AHCJIOKaiJHH BHyTpH HerO H 
CTHMyjiHpyeTcn xhmhhcckhm 0Kpy>KeHHeM BHyrpn xo3HHHa (HanpHMep, H3Me- 
HeHneM khcjiothocth b >KeJiyAOHHo-KHHieHHOM TpaKTe, TeMnepaTypbi H ypOB- 
hh yrjieKHCJioro ra3a) (Ondrovics et al., 2016). Y HeMaTOA, napa3HTHpyiomHx b 
^chbothbix, TaKHx KaK OesophagostoniuM dentatum , HMeeTCH cneu;H(J)HHecKaH 
aAanTau,HH, KOTOpan 3aKJHOHaeTCH B TOM, HTO Ha CTaAHH HHCjiHAHpOBaHHfl JIH- 
HHHKa He ao KOHH,a cSpacbiBaeT CTapyio KymKyjiy, TaKHM o6pa30M OKpy)Kan 
ce6n abohhoh o6ojiohkoh a™ 3am,HTbi ot arpeccHBHoii cpeAti xo3HHHa. 

UnrepecHoe HCCJieAOBaHHe pojih pa3JiHHHbix SejiKOB b npou,ecce jihhbkh y 
HeMaTOA c Hcnojib30BaHHeM npoTeoMHoro noAxoAa npeACTaBJieHO b pa6oTe 
Ohapobhkc haP- (Ondrovics etal., 2016). HccjieAOBaTejiH b HCKyccTBeHHoii 
cpeAe nOABBJiHJiH jiHHbKy O. dentatum Ha CTaAHH, KorAa jiHHHHKa b ecTecTBeH- 
HblX yCJIOBHHX BHeAP^CTCH B CJIH3HCTyiO KHHieHHHKa X03HHHa. 3aTeM npoejiHJIb 
SeJIKOB JIHHHHOK, KOTOpbie He CMOTJIH nepeJIHHHTb, CpaBHHBaJIH C npO(})HJieM 
SeJIKOB JIHHJHOIAHX JIHHHHOK. Pa3JIHHHfl 6bIJIH nOJiyneHbl no COACp^CaHHIO 
28 SeJIKOB, CHHTe3 25 H3 KOTopbix 6bIJI 3HaHHTeJIbHO Bbirne y KOHTpOJIbHbIX JIH¬ 
HHHOK. CpeAH hhx 6biJiH 6eJiKH, cneAH^HHHbie am Kpyrjibix nepBefi h Heno- 
cpeACTBeHHO ynacTByiomHe b npoijecce jihhbkh, TaKne KaK TpaHCrapeTHH-no- 
Ao6hbih 6enoK 5, hhth6htop acnapraji npOTea3, KyTHKJiHH. TpaHCTHpeTHH-no- 
Ao6hbih 6ejiOK 5 ynacTByeT b TpaHcnopTe topmohob h nepeAane cnrHajia, 
hhth6htop acnapraji npoTea3 TaK)Ke nBJineTCn CHTHajibHoii MOJieKyjioii h, b 
TOM HHCJie, oSjiaAaeT HMMyHOMOAyjniTOpHblMH CBOHCTBaMH 5 KyTHKJIHHbl HBJIH- 
iotch HepacTBOpHMbiMH KOMnoHeHTaMH KyTHKyjibi y HeMaTOA h onpe a e jhhot 
CTpyKTypy h (J)opMy Tejia nepBeii. Y jihhuioiuhx jihhhhok 6bijio noBbimeHO co- 
Aep^caHne H,HKJiO(j)HJiHHa (HMMyHO(j)HJiHHa), 6ejnca c manepOHOBOH aKTHB- 
HOCTbK), KOTOpblil y HeMaTOA 3aAeilCTBOBaH B MCTaSOJIHHeCKOM IiyTH 6hochh- 
Te3a KOJiJiareHa — ochobhoto KOMnoHeHTa KyTHKyjibi. noBbimeHHoe coA0p)Ka- 
Hne CHHTe3a CTpyKTypHbix h ABHraTejibHbix SejiKOB y jihhhiolahx jihhhhok 
(aKTHHa, npoMe^cyTOHHoro 6ejiKa (JmjiaMeHra B, TponoMH03HHa h TponoHHHa) 
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CBH^CTejitCTByeT o pojih MbimeHHbix coKpameHHH cSpacbiBafflDi CTapoii 
KyTHKyjibi. ripoMe^cyTOHHbiii 6ejiOK (JmnaMeHTa B h TponoMH03HH, KpOMe 
Toro, Heo6xoAHMbi rjik npHCoeAHHeHHn MycKyjibHoro MemKa k hoboh Kymicy- 
jie (Ondrovics et al., 2016). 

3Hawrejn>Hbie H3MeHeHira y nHHmomHx jihhhhok npoHCxoA^T h b ochob- 
hom odMeHe BemecTB. Y hhx 3HawrejibHO noBbimaeTcn chhtc3 (jiepMeHTOB, 
BOBJieneHHbix b OHepreraHecKHH o6mch, b ocodeHHOCTH o6mch yrneBOAOB 
(ajibAOJia3bi, rjiK)K030-6-4)oc4)aTAerHAporeHa3bi, YT0-rnioKO3O-l-(|)oc4)aT 
ypH£HJiTpaHc4)epa3bi, 4-rHApoKCHdympaT-KoA TpaHC(J)epa3bi, MDG, nponno- 
hhjt KoA-Kap6oKCHJia3bi, PEPCK h PDG), yKaabiBan Ha to, hto JiHHbKa nBnn- 
eTcn oneHb 3Hepro3aTpaTHbiM npoijeccoM. IIomhmo ototo noBbimeHHbiM 6biJio 
co^ep^caHHe pfl^a perynuTOpHbix MOJieKyji (14-3-3 denoK, HHradHTOp ahcco- 
i^Hau,HH ryaH 03 HH-HyKJie 0 THA 0 B (GDI), peijercrop aKTHBHpOBaHHOH npOTeHH- 
KHHa3bi Cl (RACK-1), aHHOHcejieKTHBHbiii KaHaji VDAC), KOTOpbie perynn- 
pyiOT 5KH3HeHHO Ba3KHbie KJieTOHHbie CHTHaJlbHbie nyTH, B TOM HHCJie TpaHC- 
nopT dejiKOB h Be3HKyji (Ondrovics et al., 2016). 

TaK)Ke y O. dentatum bo BpeMn jihhbkh chjibho noBbimaeTcn npOH3BOACTBO 
dejiKOB 3amHTbi ot CTpecca h HMMyHHoro otbctb xo3iiHHa (HHrHdHTOpa acnap- 
thji npOTea3, KajibpeTHKyjiHHa, HSP-12.6, HSP-60, HSP-70 h nepOKCHpeAOK- 
CHHa). ABTOpbi npeAnonaraiOT, hto 3th denKH Henocpe actbchho CBH3aHbi c na- 
pa3HTH3MOM y O. dentatum h ycnjieHHO 3KcnpeccHpyiOTCfl y JinmnomeH jih- 
hhhkh, HTodbi noAaBHTb HMMyHHbiii otb eT xo3flHHa cpa3y nOCJie TOTO, KaK 
jiHHHHKa cdpacbiBaeT cTapyio KymKyjiy h cTaHOBHTcn donee yn3BHMoii (Ond¬ 
rovics et al., 2016). 

Mo)KHO 3aKJHOHHTb, HTO HCn0JIb30BaHHe npOTeOMHbIX MeTOAOB n03B0JIHJI0 
BbiHBHTb ocHOBHbie TeH^eHij,HH nepecTpoeK cocTasa denKOB opraHH3Ma renb- 
mhhtob b xoac npoxoncAemra )KH3HeHHoro u,HKJia. HadniOAaeTCfl BKjnoneHHe 
3KcnpeccHH derncoB pocTa, pa3BHTHn h ^H^K^epeHnnpoBKH Ha cTa^nnx aKTHB- 
Horo pocTa jihhhhok, peijenTopHbix MOJieKyn Ha CTa^HH CBodoAnonnaBaiomHx 
JIHHHHOK, npOTeOJIHTHHeCKHX (J)epMeHTOB Ha CTaflHHX aKTHBHOTO BHe^pCHHH B 
TKaHH xo3HHHa h nHTaHHH ero dejiKaMH. Bojibinoe 3HaneHHe Ann odecneneHHn 
ncH3HeAenTenbHOCTH Ha pa3Hbix CTaAHnx ncH3HeHHoro u,HKna coxpaHneTcn y 
denKOB C aHTHOKCHAaHTHOH aKTHBHOCTblO H BCeB03M05KHbIX denKOB c rnanepo- 
HOBOH aKTHBHOCTbK). 


H3YHEHHE EEJIKOBbIX CIIEKTPOB 
CEKPETOPHO-3KCKPETOPHbIX IIPOflYKTOB TEJIbMHHTOB 

B npoijecce )KH3HeAenTenbHOCTH napa3HTbi BbmenniOT bo BHeuiHioK) cpeAy 
MHO)KecTBO dHOnornnecKH aKTHBHbix BemecTB. KoMnneKC denKOB, odHapyncn- 
BaeMbix b 3KCKpeTOpHO-ceKpeTOpHbix npOAyKTax (3CII), Ha3biBaeTcn ceKpeTO- 
mom (Sripa, Kaewkes, 2000). EenKH ceKpeTOMa nrpaiOT Bamryio ponb b nOAas- 
neHHH HMMyHHoro OTBeTa, OTBenaiOT 3 a npoijecc neHeTpan,HH b TKaHH xo3nHHa 
h Aance ynacTByiOT b nepecTpoince ero MeTadonH3Ma noA codcTBeHHbie HyncAbi 
(Robinson etal., 2009). B3aHMOAeiiCTBHe MencAy napa3HTOM h ero xo3hhhom 
npOHCxOAHT Ha rpaHHn,e conpHKOCHOBeHHn AByx opraHH3MOB, Ha ypOBHe mhk- 
pooKpynceHHn napa3HTa, xHMHnecKHH cocTaB KOToporo HenocpeACTBeHHO 
onpeAcnneT cocTaB ceKpeTOMa. 
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CorjiacHO ony6jiHKOBaHHbiM Ha HacTO^mnii momcht abhhbim, b ceKpeTOMax 
rejibMHHTOB npeoGjia^aiOT npoTeojiHranecKHe 4>epMeHTbi, 6 cjikh MeTa6ojiH3Ma 
rni0K03bi h nnacTHHecKoro oSMeHa, CTpyKTypHO-MbnnenHbie h peryjnrropHbie 
6eJIKH H 6eJIKH aHTHOKCHAaHTHOH 3am;HTbi. 

npOTeOJIHTHHeCKHe (|>epMeHTbI JIBJHHOTCJI Ba^CHeHIHHM KOMnOHeHTOM CeK- 
peTOMa. IlepBHHHa^ (J)yHKu,HH npOTeojiHTHnecKHx (|)epMeHTOB CB^3aHa c nirra- 
HHeM, TaK KaK ohh cnoco6cTByK)T pacmenjieHHK) h ycBoeHHK) 6cjikob xo3flHHa. 
MHorae npoTeojiHTHHecKHe (J)epMeHTbi 0Ka3biBaK)T HMMyHOMOAynHpyiomee 
^eHCTBHe h cnocoSHbi 3am;HTHTb nepBii ot HMMyHHoro OTBeTa. TaK^Ke npoTeo- 
jiHTHnecKHe (J)epMeHTbi oneHb Ba^CHbi jxjm ycneniHOH HHBa3HH napa3HTOB, TaK 
KaK HeoSxo^HMbi ajm npoHHKHOBeHHJi nepe3 TKaHeBbie 6apbepbi xo3flHHa. Ha- 
npHMep, y uepKapnii S. japonicum 6bijio o6Hapy)KeHO 46 npOTea3, OKcnpec- 
chji 25 H3 KOTopbix npeKpamanacb nocne npoHHKHOBerora nepe3 KO^cy MbiniH h 
nepexoAa Ha CTaAHio niHCTOCOMyjibi. Jinx Aeyx H3 npOTenHa3 S. japonicum okc- 
npeccHji TOJibKO Ha CTa^HH uepKapHH 6biJia AOKa3aHa 3KcnepHMeHTajibH0 (Liu 
et al. 5 2015). Y caMOK HeMaTOABi Strongyloides ratti , H3BJieueHHbix H3 KHineu- 
hhkob Mbimeii, no cpaBHeHHio c uepBJiMH, BbipameHHbiMH b KyjibType, b cocTa- 
Be ceKpeTOMa 6biJio noBbimeHHoe coAep)KaHHe MeTajnionenTHAa3 acTaipiHOB, 
Hap^y c HMMyHOMOAyMTOpHbiMH SejrcaMH SCP/TAPS (Hunt etal., 2016). 
H y napa3HTHpyiOHj,Hx, h y )KHByin,Hx b KyjibType S. ratti b cocTaBe ECn TaK^ce 
oSHapy^ceHO npHcyrcTBHe npojiHJi3HAonenTHAa3. B3pocJibie HeMaTOAti HCHByr 
B TyHHeJTilX B CJIH3HCTOH oSoJIOHKe KHHieHHHKa, H nenTHAa3bI MOiyr HCn0JIb30- 
BaTbCfl HMH A™ npOABH)KeHH5I B nJIOTHOH Cpe^e H nepeBapHBaHH5I SeJIKOB xo- 
3^HHa. 

B cbok) ouepeAt rejibMHHTaM npHxoAHTCJi cbmhm 3am;Hiii;aTbCfl ot agkctbihi 
npOTeojiHTHHecKHx 4>epMeHTOB xo3^HHa. J\jix ototo MHorne h3 hhx ceKperapy- 
k>t cneu,H(J)HHecKHe khthShtopbi npOTenHa3, KOTOpbie 3amHmaiOT hx ot nepe- 
BapHBaHHJI nHmeBapHTeJTbHbIMH COKaMH X03MHa HJTH oSna^aiOT HMMyHOnO- 
AaBJunontHM ^eiiCTBHeM (Chen et al., 2017). TaKHM o6pa30M, am ocymecTBJie- 

HM COSCTBeHHOH npOTeOJIHTHHeCKOH aKTHBHOCTH TeJIbMHHTaM TpeSyiOTCfl 
cneuH(J)HHHbie, yHHKajibHbie no CTpoeHHio npoTeHHa3bi, He noAeep)KeHHbie 
AChctbhio BbipaSaTbiBaeMbix hmh hhth6htopob. IIIhpokhh pTaKnx npOTeo- 
jiHTHnecKHx ^epMeHTOB npeACTaBJieH cepHH-, acnaparaH-, uncTenH- h MeTan- 
jionpOTeHHa3aMH (Dzik et al., 2006). C nOApoSHbiM onncaroieM npOTeojiHTHne- 
ckhx (^epMeHTOB, H3BecTHbix a™ napa3HTHuecKHx nepBeft, mojkho 03HaK0- 
MHTbCH b o63ope TopTa h AP- (Tort et al., 1999). B ceKpeTOMax MeTauepKapnii 
TpeMaTOAti F. hepatica 6biJio noKa3aHO npHcyTCTBHe KaK MHHHMyM nerapex 
<j)opM npOTea3bi KaTencnHa L (Jefferies et al., 2001), KaTencHHbi F h Bl, a TaK- 
)Ke u,HCTeHHOBa^i npOTea3a h jieiiuHHaMHHOnenTHAa3a 2 Sbijih ha^hth(|)hu,hpo- 
BaHbi b ceKpeTOMe Mapnrbi TpeMaTOAti Opisthorchis felineus (JIbBOBa haP-, 
2014). B ceKpeTOMax neneHOHHOH HiHCTOCOMyjibi Schistosoma japonicum ne- 
pe3 14 a Heft nocJie 3apa)KeHH5i oKOHuaTeJibHoro xo3HHHa (kpojihk) 6biJiH bbihb- 
jieHbi SeJiKH npoTeoJiHTHnecKoii AerpaAaAHH npoTeHH 6Hcyjib(|)HT-H30Mepa3a h 
cy6 t> eAHHHAbi npoTeocoM (Cao et al., 2015). MHorouHCJieHHbie 6eJiKH, cB5naH- 
Hbie c npoTeojiH30M, 6 bijih BbDiBJieHbi b cocTaBe 3Cn MeTan,ecTOA cbhhoto 
u,emni Taenia solium (Victor et al., 2012), b nacTHOCra, npOTea3bi uHCTenHOBO- 
ro rana (KaTenCHH L-nOAo6Ha^ unCTenH npOTeasa) h TpeOHHHOBOro Tnna 
(npOTeacoMHaa cy6BeAHHHua ajib^a). HajiHune npOTeojiHTHnecKoii aKTHBHO- 

cth 6biJio ycTaHOBJieHo y itecTOA Triaenophorus nodulosus , Eubothrium rugo- 
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sum , Cariophyllaeus laticeps, Alcataenia larina h Tetrabothrius minor (Ky3b- 
MHHa h a p., 2000; H3BeKOBa, OpojiOBa, 2016). npHcyTCTBHe Tpex bhaob cepn- 
hobbix npoTeHHa3 6biJio noica3aHO b 3Cn B3pocjibix oco6efi HeMaTOA 
Trichinella spiralis (Liu et al., 2016), a neirm^a3a ceMeiiCTBa Ml 6biua hach- 
TH^HunpoBaHa b 3Cn caMOK Ascaris suum (Geary et al., 2012). 

IIomhmo npOTea3, b ceKpeTOMax rejibMHHTOB HAeHracjiHnHpyiOT 6ejiKn yr- 
jieBOAHOro o6MeHa, TaKue KaK (J)pyKT030-l,6-AH(|)0C(|>aTa3a, (jioccjioeHOJinHpy- 
BaTKap6oKCHJia3a (PEPC), (J)pyKT030-1,6-6Hc|)oc(jiaTajibAOJia3a, eHOJia3a, 
LDH, TpH030(J)oc4)aTH30Mepa3a, ajibAerHAAerHAporeHa3a, MDH, tjiioko3o4)oc- 
4>aT H30Mepa3a, 4>oc(J)orjiHij;epaTKHHa3a, rjimco3HJi-rHApoJia3a, ajn>AOJia3a h 
Apyrne. B SojibinoM KOjnmecTBe HAeHTH^HijHpoBaHbi TpaHcnopTHbie 6ejiKH 
(MHOrJIoSHH, (})eppHTHH, 6eJIOK, CB^3bIBaiOmHil )KHpHbie KHCJIOTbl, reJlb30J!HH), 
KaJIbU,HH-CB^3bIBaK>mne 6eJIKH (aHHeKCHH, KaJIbUHH-CBM3bIBaiOIIi;HH SeJIOK), aK- 
THH-CB^l3bIBaK)IU,He 6eJIKH, /],HK-CB^3bIBaK)iriiHe, KHCJIOpOA- H aHTHreHCBM3bIBa- 

K)iuHe SejiKH (Victor et al., 2012; Chehayeb et al., 2014; Cao et al., 2015). KaK 
y)*ce OTMeuanocb Bbirne, SeJiKH TpaHcnopTa jihtihaob HMeioT Sojibinoe 3Hane- 
Hue am oSecnenemui )KH3HeAenTejibHOCTH napa3 hthh e ckhx HeMaTOA- B tom 
nncjie ohh mnpoKo npeACTaBJieHbi b hx ceKpeTOMe. TaK, b cocTaBe 3CII caMOK 
Ascaris suum 6buin o6Hapy)KeHbi ajniepreH ABA-1, CB^biBaiomnn )KHpHbie 
KHCJiOTbi, h 6ejiOK BM20, CB^biBaiomnii )KHpHbie khcjiotw h peTHHOJi (Che¬ 
hayeb et al., 2014), a 6ejiOK c TaKHMH ^ce (j)yHKn,H>iMH LL20 15k,H,A 6bui HAeH- 
TH^HunpoBaH b ceKpeTOMe Dirojilaria immitis (Geary et al., 2012). 

B ceKpeTOMax ahctbi E . granulosus , MeTanecTOA cbhhoto nemra Taenia so¬ 
lium , jierouHbix niHCTOCOMyji S. mansoni h aP- Sbijio o6Hapy)KeHO Hajimne 
CTpyKTypHbix h MbimeuHbix SejiKOB (napaMH03HH, ahhchh, TySyjiHH, bkthh h 
t. a ), (J)yHKn,HOHajibHoe 3HaneHHe ceKpen,HH kotopmx He oneHb nomrmo 
(El Ridi, Tallima, 2009; Monteiro et al., 2010; Cao et al., 2015). 

Bo Bcex HCCJieAyeMbix ceKpeTOMax rejibMHHTOB, KaK h b oKCTpaKTax nepBeii 
pB3JIHHHbIX CTaAHH, B SOJIblHOM KOJIHHeCTBe HAeHTH(j)HU,HpOBaJIH (jiepMeHTbi 
aHTHOKCHAaHTHOH CHCTeMbl (H30(J)OpMbI GST, THOpeAOKCHHnepOKCHAa3a, THO- 
peAOKCHH, SOD, rjiyTaTHOHnepoKCHAa3a, nepoKCHAa3HH, nepOKCHpeAOKCHH, 
^eppHTHH, ajibAO-KeTOpeAyKTa3a) h MOJieKyjinpHbie manepOHbi (HSP70, 
HSP90). KaK y)Ke 6buio yKa3aHO, KOMnOHeHTbi 3thx chctcm BbinojimnoT 3a- 
iAHTHyio ^Yhkahio npOTHB HMMyHHOH peaKijHH opraHH3Ma xo3^HHa, hcm o6y- 
cjiOBJieHO npHcyTCTBHe a&hhbix 6ejiKOB b ceKpeTOMe (Jefferies etal., 2001; 
El Ridi, Tallima, 2009; Geary et al., 2012; Cao et al., 2015). 

OHTOJiorHnecKHH aHajiH3 cocTaBa ceKpeTOMa B3pocJibix oco6efi necTOA Hy- 
menolepis diminuta (Bien etal., 2016) no3BOJiHJi BbiuBHTb 39 nojinnenTHAOB, 
KOTOpbie, corjiacHO KJiaccH(j)HKaTOpy CHCTeMbi Gene Ontology, 6bijih crpynnn- 
pOBaHbl no MOJieKyJIflpHOH (J)yHKUHH, IIpHCyTCTBHK) B TOH HJIH HHOH HaCTH 
KJieTKH h ynacTHio b cnenn^HHecKHx SnojiorHHecKHx nponeccax (Bien et al., 
2016). no A^HHOH KJiaCCH(J)HKan,HH 13 H3 39 HAeHTHC^HAHpOBaHHblX SeJIKOB 
3Cn H. diminuta 6bijih BKjnoneHbi b KaTeropmo «KJieTOHHafl jioKajiH3an,mi», 
BKjnonaiOLAyK) 7 noAKaTeropnii, H3 kotopmx HanSojiee MHoronHCJieHHbiMH 
6buiH 6ejiKH b KaTeropmix «MeM6paHHbie» h «6a30Baa CTpyrrypHaa h (jjyHKijH- 
OHajibHa^i cocTaBJunomaa KJieTKH». B cbok) onepeAb 31 H3 39 6ejiKOB H. dimi¬ 
nuta no MOJieKyjiflpHOH (JiyHKijHH 6bijih pa3HeceHbi no 14 KaTeropmiM: okchao- 
peAyKTa3HaiI aKTHBHOCTb, rHApOJia3HaH aKTHBHOCTb, JIHa3Ha5I aKTHBHOCTb, ne- 
pOKCHAa3HaiI aKTHBHOCTb, TpaHcnopTHbie KOMnOHeHTbi, KaJIbAHH-3aBHCHMOe 
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CBfl3bIBaHHe (])OC(])OJIHnHflOB, CB^3bIBaHHe C MaJIbIMH MOJieKynaMH, HOHHOe CBH- 
3biBaHHe, CBii3biBaHHe K03H3HMa h Apyrrrx Ko^aKTopoB, CBH3biBaime oprarorqe- 
CKoro i^HKJimecKoro coeAHHemra, CBH3biBaHHe c yrjieBOAHbiM np oh3bo ahbim, 
CBfl3biBaroie reTepoiliHKJTHHecKoro coeAHHemni, peryjmimi aKTHBHocra 4>ep- 
MeHTOB. no ynacraio b onpeAejiemiOM SHOJiorHnecKOM nponecce 26 SejiKOB 
6biJiH OTHeceHbi k 13 noAKaTeropmiM: (|)OC(|)OJinnHA-TpaHCJiOAnpyK)maH aK- 
thbhoctb ATOa3, peaKu,KH Ha CTpecc, KaTajiHTHnecKaii aKTHBHOCTb, MeTa6o- 
jih3m a3oracTbix coeAHHemiH, KaTa6ojiH3M, 6hochhtc3, KJieTOHHbiH MeTa6o- 
JIH3M, nepBHHHblH MeTa60JIH3M, KJieTOHHbiH pOCT, MCTa60JIH3M OpraHHHCCKHX 

BemecTB, SHOJiorHnecKHH nponecc, jiOKajiH3au,HH, 6HOJiorHHecKan peryjiHu,HH. 
BojibmaH nacTb HAeHnHjmijHpoBaHHbix SejiKOB, coraacHO hx SHOJioraHecKoii 
aKTHBHOCTH, OTHOCHTCH K MOJieKyJiaM C KaTaJIHTHHeCKOH aKTHBHOCTbK) 

(22 6 ejnca) h 6 ejiKaM MeTa 6 ojiH 3 Ma (17 6 cjikob). 

CjieAyeT otmcthtb, hto Bee KOMnoHeHTbi npOTeoMa mbjhhotch nepBOone- 

peAHblMH KaHAHAaTaMH B MHHieHH a™ C03A&HHH aHTHTeJIbMHHTHblX BaKH,HH, 
TaK KaK npeACTaBJieHbi Ha noBepxHOCTH Tejia napa3HTa h AOCTynHbi a^ pacno- 
3HaBaHHH HMMyHHbIMH KJieTKaMH. nOMHMO nepeHHCJieHHbIX BblHie, B CeKpeTO- 
Max OTAeJIbHbIX BHAOB napa3HTOB 6bIJIH HACHTH(^HU;HpOBaHbI H Apyrae SeJIKH, 
KOTOpbie MoryT 6biTb xopoihhmh KaHAHAaTaMH npH pa3pa6oTKe BaKiuiH, Ana- 
THOCTHKH HJIH XHMHOTepanHH. TaK, B COCTaBe CeKpeTOMa MapHTbl TpeMaTOAbI 
Opisthorchis felineus 6biji HaiiACH 6ejiOK Of-HDM (O. felineus — helminth de¬ 
fense molecule), KOTopbift othochtch k ocoSoMy ceMeficTBy 3am;HTHbix MOJie- 
Kyji, xapaKTepHbix a™ a^hhoto napa3HTa (JIbBOBa h AP-, 2014). B ceKpeTOMe 
neneHOHHOH mHCTOcoMyjibi S. japonicum h JieroHHoii mHCTOcoMyjibi S. man - 
soni 6buia TaK^ce HACHTH^HUHpOBaHa ATOa3a nepexOAnoro 3HAOnjia3Ma- 
THnecKoro peraKynyMa, pHA 6ejiKOB 6HOJiorHHecKoii peryjinti,HH (nHCTaTHH-B, 
4>aKTOp 3JiOHran,HH 2, 14-3-3 6ejiOK) h Apyrne (El Ridi, Tallima, 2009; Cao 
et ah, 2015). B SeJiKOBOM cocTaBe 3Cn MeTaijecTOA cbhhoto itemm Taenia so¬ 
lium TaK)Ke onpeACJiHJiH nojinnenTHAbi, ynacTByiomne b nepeAane cnrHajia 
(14-3-3 6eJiOK, TTOa3a) (Victor etal., 2012). 

Hto KacaeTCH cexpeTOMa npeACTaBHTejieii Kpyrjibix nepBeii, to b cocTaBe 
3Cn caMOK Ascaris suum 6bijih o6Hapy^ceHbi TaKHe 6ejiKH, KaK BHeKJieTOH- 
Hbiii tjio6hh Glb-1, HeonHcaHHbie THnOTeraHecKHe 6ejiKH Y75B7AR.1 h 
ASU_03636, anmreH Brugia malayi Y Agl, cepmiH B, ochobhoh 6ejiOK nojio- 
bhx KJieTOK (major sperm protein), BHTTeJioreHHH-4, 6eJioK, ynacTByiontHH 
b JIOKOMOU.HH cnepMaT030HAOB (sperm motility protein MFP2), KOJiJiareH 
ajib(|)a-5, JieKTHH THna C, ajib$a/6eTa-niK)K03HAa3a agdC, IgG Fc-CBH3biBaio- 
ih,hh 6eJiOK (Chehayeb et ah, 2014). Y nojiOB03pejibix HeMaTOA Dirofilaria im- 
mitis H3 110 6ejiKOB ceKpeTOMa 52 6ejnca HMejiH yHHKajibHyio CTpyKTypy, xa- 
paKTepHyio tojibko a™ a^hhoto BHAa (H30$opMa rayTaTHOH S-TpaHC(j)epa3bi 
1, 6ejiOK cre-pqn-85, a-aKTHHHH, 3n0KCHATHAp0Jia3a 1, rOMOJiorHHHbm npeA- 
me ctb eHHHK 4>aKTopa ojioHraijHH tu h t. aO; °™ To^ce Moryr 6brrb npeAJK»Ke- 
hm a™ C03AaHHn BbicoKocneu,H(^HHHbix BaKu,HH (Geary et ah, 2012). Y caMOK 
Strongyloides ratti 3KCKpeu,HH aneTHJixojiHHecTepa3bi h SejiKOB ceMeficTBa 
sgpf-1 h sgpf-5 c HeH3BecTHoii (jlyHKimeH 6buia nOATBep)KAeHa Ha ypOBHe 
TpaHCKpunTOMa h npOTeoMa. Heo6xoAHMbiM KOMnOHeHTOM ECn HeMaTOA, no- 
xo)Ke, hbjihiotch TpaHCTHpeTHH-nOAo6Hbie peryjiHTOpHbie 6ejiKH, cneu,H(]iHu- 
Hbie a™ Kpyrjibix nepBeii (Geary etal., 2012; Chehayeb etah, 2014; Hunt 
et ah, 2016). 
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Ha ocHOBe jnrrepaTypHbix a&hhbix motkko CACJiaTb bbiboa, hto napa3HT bbi- 
6pacbiBaeT b oKpy^aiomne ero TKaHH xcmmia orpoMHoe KomraecTBO 6hojio- 
rmecKH aKTHBHbix MOJieKyji. Cpe^H SejiKOB ceKpeTOMa BCTpenaioTCfl MOJieKy- 
jibi, oSjiernaiomHe iiHTaHHe napa3HTa ((^epMeHTbi rjimcojiraa h MeTa6ojiH3Ma 
>KHpHbIX KHCJIOT, TpaHCnOpTHbie 6eJIKH), npOHHKHOBeHHe B OpraHH3M X03flHHa 
(npoTea3bi), orpoMHoe KOJinnecTBO 3amnTHbix SejiKOB (aHTHOKCH^aHTHbie 
4)epMeHTbi), HMMyHOMOAy™pyK>mne nojirnieimiAbi (ceMeficTBO HDM), a TaK- 
)Ke 6ejiKH 6HOJiornHecKoii peryjnujHH, KOTopbie, Bepojrrao, KaK ynpaBjnnoT 
pa3BHTneM caMoro nepBn, TaK h MoryT oicaabiBaTb BJimiHHe Ha ero xo3^HHa 
(tI,HCTaTHHbI, (J)aKTOpbI TpaHCKpHniJHH H AP-)- 


BblBOflbl 

npOTeoMHKa rejibMHHTOB b HacTOjmjee epeMn ctoht (jiaKTHnecKH b caMOM 
Hanane CBoero cTaHOBJiemni KaK caMOCTOflTeJibHoro pa3Aena MOJieKyjrap- 
HOH SHOJIOrHH. B paMKaX 3TOH AHCIJHnJIHHbl MO)KHO BbmeJIHTb CJie^yiOIUHe 
ocHOBHbie HanpaBJieHPDi, no KOTopbiM aKTHBHo BeAyrcn npoTeoMHbie HCCJieAO- 
BaHHfl. 

1. BbMCHeHHe (JiaKTOpOB, onpeAejmomHx cnocoGHOCTb napa3HTOB 3apa- 
)KaTb xo3neB. npe)KAe Bcero, oto aHajiH3 OKCKpeTOpHO-ceKpeTOpHbix 6cjikob, 
BRjiiona^ 6ejiKH noAaBJiemDi HMMyHHoro OTBeTa h anonT03a kjictok xo3flHHa. 
Bojibmoe 3HaneHHe a™ napa3HTHpOBaHH^ hmciot 6ejiKH, CB^naHHbie c paSoTOH 
pa3H006pa3HbIX CHCTeM BHeApGHHH B OpraHH3M X03flHHa. 

2. H3yneHHe CHTHajibHbix SejncoB, cnocoSHbix «MaHHnyjiHpoBaTb» o6Me- 
hom BemecTB xo3HHHa, h BbDiCHeHHe MHineHeii, Ha KOTopbie HanpaBJieHO ach- 
CTBHe ceKperapyeMbix napa3HTaMH SejiKOB. 

3. npo(|)HJiHpOBaHHe 6ejiKOB xo3JiHHa npH 3apa^ceHHH napa3HTOM h BbmcHe- 
Hne aHTHreHHbix cbohctb SenKOB napa3HTa a™ H3yneHHfl AHHaMHKH pa3BHTHfl 
napa3HTapHOH HH(J)eKu,HH h BbiSopa TepamiH. 

4. YcTaHOBJieHHe pojiH paHee He onncaHHbix, yHmcajibHbix am napa3HTOB 
6ejiKOB b npoijecce 3apa^ceHH^ h Ha pa3Hbix CTaAnnx >KH3HeHHoro ipnoia. 

5. H3yneHHe MeTaSojiHnecKHx nepecTpoeK b opraHH3Me rejibMHHTOB Ha 
npoTJDKeHHH hx ^CH3HeHHoro ujHKJia npn nepexoAe Ha HOByio CTaAHio pa3BHTHa 
hjih npn 3acejieHHH HOBoro xo3HHHa h aP- 

HeKOTopbie H3yneHHbie AeTajin othx npoijeccoB npeACTaBJieHbi b HacTos- 
LU,eM 0630pe. npHMeHeHHe MeTOAOB npOTeOMHKH B COBOKynHOCTH c a^hhbimh 
o reHOMe h TpaHCKpHnTOMe napa3HTHnecKHx nepBefi no3BOjnuio npouHTb CBeT 
Ha MOJieKyjnipHbie acneKTbi aAanTau,HH b CHOTeMe napa3HT— xo3hhh. HMeio- 
LAHec^i A^HHbie n03B0Ji>n0T C03AaTb npeABapHTejibHyio moa^jib yCTpOHCTBa Me- 
Ta6ojiH3Ma napa3 hthh e ckhx nepBeii h o6o3HanHTb ocHOBHbie MexaHH3Mbi, ko- 
Topbie no3BOJi>noT hm ycneiHHO nporaBOCTO^Tb apceHany 3am,HTHbix peaKu,HH 
xo3^HHa. OAnaKO HaKonjieHne HH(|)opMaij,HH b paMKax 3thx HanpaBJieHHH 
tojibko HanmiaeTCfl. nojiyneHne 6ojiee noApoSHoii KapTHHbi bo3mo)kho tojibko 

npn HCn0Jlb30BaHHH BbICOKOnpOH3BOAHTeJIbHbIX MeTOAOB npOTeOMHKH HOBOrO 
noKOJieHH^ h 3HanHTejibHOM pacniHpeHHH cneKTpa roynaeMbix bhaob napa3H- 
TOB H HX X03^eB. CyiljeCTBeHHO npOABHHyJIHCb H TeXHOJIOrHH aHaJIH3a A&HHbIX, 
h b 6jiH)KaHmee BpeMfl mo)kho o^CHA^Tb pe3Koro yBejiKnemni KOJinnecTBa CBeAC- 
hhh o 6eJiKax rejibMHHTOB, a TaK^ce nponcHerora ocoSeHHocTeii (J)yHKAHOHHpo- 
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Bamifl MeTaSojiHHecKHx nyreit y napa3HTOB. 3Ta HH(|)opMaitHfl cynjecTBeHHO 
pacninpnT noHHMaHHe MOJieKyjinpHbix ochob )KH3HefleflTejibHOCTH napa3HTOB 
H XHMHHeCKHX B3aHMOAeitCTBHit, KOTOpbie IipOHCXOAflT MOKJjy napa3HTOM H 
ero X03HHH0M. 
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PROTEOMICS RESEARCH OF FEATURES OF LIFE ACTIVITY 
OF PARASITIC WORMS 

A. A. Kochneva, E. V. Borvinskaya, D. S. Bedulina, 

L. P. Smirnov, I. V. Sukhovskaya 
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SUMMARY 

The study of the composition of proteins (proteome) of helminths is necessary for re¬ 
vealing of molecular basis of life of a parasitic organisms and clarifying of biochemical 
mechanisms underlying «parasite-host» relationships. It is useful for determination of po¬ 
tential targets for the chemotherapy and drug design. The review demonstrates the insights 
in the proteomic research of helminthes. The major groups of proteins were described, 
such as structural proteins, carbohydrate metabolism enzymes and proteins of stress res¬ 
ponse. Comparative studies of proteins at various stages of the life cycle of helminthes re¬ 
veal proteins with different expression level at larval and sexually mature individuals. 
Particular attention is drawn for secretory proteins of parasites, called secretome. Proteins 
of secretome (various proteolytic enzymes, proteins of the detoxification system, etc.) play 
an important role in parasite’s defense against host immunity, feeding and penetration 
through the host tissue barriers. 
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